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The Excitahility of the Respiratory Centre 
(luring Sleep and during Eyipaii 
Anaesthesia. 

By 

TORSTEN OSTERGAARD. 

Received 31 ilarch 1914. 


It is generally recognized that carbon dioxide is the adequate 
stimulus for the respiratory centre, so that alterations in the 
CO. tension of the blood trill produce corresponding alterations 
in the pulmonary ventilation (ILvldane and Priestley 1905, 
M. Nielsen 193G). The amount of ventilation does not depend 
solely on the strength of stimulus, the excitability of the centre 
being an important variable factor (Gohnstein and Zuntz 1888). 

The excitability is estimated in human beings according to 
Lindhabd (1911) by exposing the subject to known CO 2 tensions 
and measuring the resulting ventilation. An increase in excita- 
bility was found after suitable doses of strychnine and also at 
low oxygen pressure, while morphia, chloral and increased oxygen 
pressure reduced the excitability. At transition from rest to 
muscular work Krogii and Lindhard (1913) pointed out an 
increase in excitability, and finally it may be mentioned, that 
in certain cases of melancholia a decrease in excitability was ob- 
served by ScHOU, Trolle and 0stergaard (1942). 

In the present paper the changes in excitability due to sleep 
and e\*ipan narcosis are studied. 

Sleep. 

It is generally assumed that sleep reduces the excitability of 
the respirator}^ centre and this is concluded either from deter- 

1 — 'iA3582. Ada jtliys. Scandinav. Vol. 8. 
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THE EXCITABILITY OP THE RESPIRATORY CENTRE. 3 

except the very first. Only oue period vrith COa breathing could he 
obtained, and a concentration of 4 — 6 % in the inspired air vas chosen, 
as higher ones were apt to disturb sleep and lower ones produced 
only a very slight increase of ventilation. 

The state of sleep was ascertained by asking the subject first in 
a whisper and then in a half whisper: “Do you sleep?” The subject 
was instructed to react by opening the eyes and when this reaction 
failed was assumed to be asleep. The results show that this simple 
expedient was sufficient. 

During sleep and especially during anaesthesia a leak may occur 
at the mouthpiece because the perioral muscles will relax and it is 
necessary to watch closely for this and eventually to support the 
chin by a bandage. 

The two subjects in spontaneous sleep were falling asleep very 
easily. The last one has been used for all experiments with evipan 
sleep and for one single anaesthesia experiment. 


Results. 

Figure 1 shows an experiment on spontaneous sleep. The subject 
was very sleepy, and went immediately into sleep as the per- 
mission was given. Then there was a restful and uninterrupted 
sleep for 80 minutes. Ventilation, alveolar CO 2 tension, frequency 
and depth of respiration are recorded, partly during atmospheric 
breatliing and partly during breathing of air with 41/0 % COj. 
The sleep causes a fall in ventilation, amounting to 20 % for the 
CO 2 breathing and likewise to about 20 % (17 — 23) for the atmos- 
pheric breathing. To the right on the figure two excitability curves 
for a waldng state and for sleep are shown. A pronounced displace- 
ment in a depressive direction is seen during the sleep. The ex- 
citability of the respiratory centre has thus been reduced. There 
is a displacement of the point of apnea, from 29 mm tension in 
waking state to 36 mm tension in sleep. Lindhard’s steepness 
curves are constructed and the tangents of the steepness angles 
are calculated at 1.41 in waking state and at 1.10 in sleep for 
this subject (Avhen the unity 1 liter on the ordinate scale corre- 
sponds to 20 % on the abscissa). 

Figure 2 shows likewise an experiment with spontaneous sleep, 
but here the subject went into sleep during the CO 2 breathing. 
After 20 minutes CO, breathing, at Y, the subject is permitted 
to sleep and dozes off immediately. The ventilation begins to 
fall, and is further reduced when sleep sets in. The alveolar carbon 
dioxide tension rises 4 mm. The ventilation falls during the fol- 
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Fig. 1. Experiment with spontaneous sleep ((? P., 29 years). 


V,; Ventilation in liters per minute ( ). 

T*. Alveolar CO, tension in mm Hg. ( — — — 1. 

F.: Frequency per minute ( ). 

RV.; Depth of respiration in ccm ( 1. 


AB and OC: Carves of excitability for a waking state. 
A,B, and OC] the corresponding curves for sleep. 


Sleepiness; 




lowing atmospheric breathing under sleep to a value below the 
initial waldng value. — The depressive displacement of excita- 
bility during sleep is not quite so pronounced as in the first ex- 
periment. This appears from the curves, but especially from the 
difference between the tangent of the two steepness angles having 
the values of 1.33 for a waldng state and 1.13 for sleep. The dif- 
ference may be due either to individual variation or to the sleep 
being more superficial. From the actual experimental record one 
gets the impression, that the latter is the case; a later experiment 
on the same person with sleep after giving of evipan seems to 
confirm this supposition, — Characteristically, in this experiment 
there is no .displacement of the apnea point, which has the tension 
30 mm in waking state and in sleep. 

In the following experiments the sleep was induced by empan 
in hypnotic doses, given by intramuscular injection of 10 % 
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Fig. 2. Experiment with spontaneous sleep (Q S., 42 years). 
Legends: As in fig. 1. 


freshly prepared solution. First two introductory experiments 
may be mentioned with sleep after Vz 1 gram of evipan 
respectively. In both cases 5.6 % COo was during the whole time 
inlialed in atmospheric air, and at the point when the ventilation 
had reached maximum the evipan was injected. A few minutes 
later drowsiness occurred, and after 10 and M minutes sleep set 
in. The fall in ventilation (20 and 34 %) was largest with the larger 
dose of evipan, exclusively on account of a greater depth of sleep, 
as seen later on. In the first experiment a period of sleep of 40 
minutes was recorded, during which both ventilation and tension 
showed rather constant values. In both cases the frequency 
decreased (by 2 — 4 per minute). In one of the experiments the 
subject was awakened from a deep and restful sleep and asked 
to keep awake for a time. It was seen, that the ventilation during 
this period rose to a little above the waking value before the 
giving of evipan, while the alveolar COo tension fell to a little 
below the previous level. During the ensuing sleep values like 
those of the first period of sleep were recorded. This indicates, 
that it is exclusively the state of sleep and not the hypnotic 
given in itself, which has a depressive effect on the excitability 
of the respiratory centre. 
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THE EXCITABILlTr OF THE RESPIRATORY CENTRE. 7 

in the three phases, three curves of excitability are obtained, 
for a waking state without any hypnotic, for a waking state 
after gmng of evipan and for sleep with evipan. It appears that 
the curves for the two first states practically coincide, which 
proves that the e^dpan in hypnotic doses does not affect the respi- 
ratory centre. The excitability is not reduced until sleep sets in. 

— This has been confirmed by three other experiments during 
sleep on the same subject, not recorded here. — The excitability 
curve for sleep in this case is displaced considerably more in a 
depressive direction than seen in the experiments during spon- 
taneous sleep. As this is not due to any effect of evipan, the cause 
must be searched for in a deeper sleep under the influence of the 
hypnotic. The conclusion may be drawn, that the reduction in 
the excitability of the respiratory centre during sleep increase 
proportionally with the depth of the sleep. — The tangent of 
the three steepness angles is here 1.57 for waking state, 1.64 
for waking state after evipan and 0.81 for sleep. — The point 
of apnea is at the tension of 10 mm in waking state and at 26 
mm in sleep, which also indicates a considerably reduced excita- 
bility in this case. — It is remarkable that the point of apnea 
in a waking state in this case differs very much from the point 
obtained in another experiment on the same person (figure 2). 
Surely the reason is that this experiment is performed in the 
morning, the former in the evening. 

Anaesthesia. 

We have seen, hat evipan in hypnotic doses did not influence 
the excitability of the respiratory centre. In the following the 
effect of evipan in anaesthetic doses is examined. 

The evipan was first taken into use by Weese (1932), who 
found that it was an excellent anaesthetic, quickly paralysing 
the sensory and reflexogene central organs, while the affinity 
to the centres \dtal to life, thus the vasomotor and respiratory 
centres, was found to be extremely slight. AVebse, however, 
by his investigations on cats (1933) saw that death by giving 
of lethal doses always occurred by paralysis of the respiration. 

Still he emphasizes (1935), that “during an ideal anaesthesia with 
evipan the effect on the respiration and circulation is strikingly slight . 

— Several authors even state, that respiration is unaffected, and so 
the Danish treatise on pharmacology (Mollee 1941 and 1943). Nu- 
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merous authors report, that the respiration is often superficial to the 
point of being quite inaudible and that there may be slight cyanosis 

— consequently an indication of a certain effect (Sgndeegaaed 1942, 
Madsen and Schnohe 1942, and many others). 

As a matter of fact it is in the field of respiration, that the most 
grave complications have occurred, temporary or dangerous cessa- 
tions of the respiration, and in several cases death by paralysis of 
the respiration in consequence of overdosage (Voigt 1936, Wester- 
BOEN 1937, and others). Westeeborn states, that “the typical evipan 
death is paralysis of the respiration directly connected with the an- 
aesthesia”. 

During these investigations I have attempted to elucidate, to 
what a degree the respiration is affected during the ordinary 
evipan anaesthesia without any complications. — Such investiga- 
tions have not been made previously on human beings. 

On apes Storm (1935) examined the respiratory movements of the 
thorax and the blood pressure during evipan anaesthesia. In good 
anaesthesias no influence was observed. By a quick injection of large 
doses the respiration was always paralysed before the circulatory 
system. After a certain time, possibly after artificial respiration the 
respiration and the circulation sets in again, the circulation first. 

— Donatelli and Ingulle (1940) caused in rabbits paralysis of 
the respiration by giving large doses of evipan and showed that the 
animals might be kept alive by means of artificial breathing, until 
the centre in the course of some minutes was de-poisoned through 
the decomposition of the evipan and the spontaneous respiration 
again set in. Consequently there was no paralysis of other vital centres. 

— Beecher and Moyer (1941) observed in dogs at an early stage of 
evipan anaesthesia a considerably reduced reaction to an increase, of 
the carbon dioxide content of the inspired air, indeed, large doses of 
CO 2 even increased the depressive effect of the evipan on the centre. 

I have examined 8 cases of anaesthesia in 4 person.' Thej^ were 
all of short duration, from 6 to 18 minutes. Only one subject was 
examined in a state of deep anaesthesia, in the others the anaes- 
thesia was light, as seen from the fact,^that the reaction to pain 
by pin-pricks was only suspended for a few niinutes. ' 

Two female patients — one cured of melancholia, ,the other, a psy-^' 
cho-infantible, but otherwise psychically and ^ somatically ‘ sbund/-y^^ 
voluntarily and readily gave their permission to the' experiments. The- 
third subject was an 18 years old, slightly inferior male patient, wlio- 
reoeived 4 evipan anaesthesias -for a .suggestive purpose. I'he fourth’ 
was a female patient with- a chronic cat at oni form .<!chizophreiiia. Iso 
one complained of inconvenience after the aTiae.‘:lh(;.sia - - all of them 
were able to walk hoine f/s—l horn after the ex])erimcut.. 
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The injection of the freshly prepared solution (10 %) was administered 
according to the individual requirement, constantly with due regard 
to momentary state — at first somewhat quicker injection, 1 — ^2 com 
per minute until sleep, then more slowly with ^/r—l ccm per minute. 
During the whole time cornea reflex conditions a'nd sensibihty to pin- 
pricks were registered. — 4.3 to 7.5 % 00^ has been mixed in the 
inspiratory air. — The mouthpiece has been closely watched -with 
a -^dew to possible leakage. 


Results. 

In the first experiment a very short anaesthesia was obtained, 
lasting 6 minutes with ^/o gram of evipan injected in 2^/2 minutes. 
In spite of the slight anaesthesia a considerable fall in ventilation 
appeared (48 %) and a rise in tension. The anesthesia iv'as followed 
by a restful sleep, from which the subject was awakened and kept 
awake for 5 minutes, during this period the ventilation and 
tension adapted themselves to waking values to return to sleep 
values during the following sleep. — In the second experiment 
an anaesthesia lasting 13 minutes was caused by 14 ccm evipan 
solution (1.4 gram of evipan). The ventilation in this case decreased 
by 78 %. The alveolar CO 2 rose correspondingly considerably, 
8.2 mm. This effect on the respiration surprises because the 
anaesthesia was not deep, reaction to pain only suspended for a 
few mimites. Frequency and depth both decreased, from 24 to 
20 per minute and from 1,400 to 400 ccm. — The anaesthesia 
continued into a restful sleep during a quarter of an hour, after 
which the subject awoke spontaneously. 

It would require a very protracted anaesthesia to obtain both 
an atmospheric and a C 02 breathing with the necessary introduc- 
tory periods within the case. Therefore I have chosen to divide 
the experiment and institute the carbon dioxide breathing on 
one day and the atmospheric breathing on the following day. 
Certain sources of error are hereby introduced: the anaesthesias 
cannot be exactly of the same depth and the corresponding values 
are not registered in exactly uniform phases. But the results 
at least give an approximate expression of the conditions. 

Figures 4 and 5 show the results of two double experiments 
executed in the manner stated. The first subject, a young man, 
was — as most young people — resistant against evipan in a 
pronoimced degree; the two anaesthesias were shortlived and not 
very deep in spite of rather large doses of evipan. The reaction 
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THE EXClTABILrrr OF THE RESPIRATOKY CEXTRE. 11 

continued regularly, but seemed to be mecbanically hindered, and no 
air was expired into the Douglas bag.- Believed of mouthpiece and 
noseclip and placed in a side-position the subject again respired un- 
hindered. 

In this case the anaesthesia was not deep enough to suspend the 
reaction to pain. 

On this subject respiration curves were recorded by means 
of Krogh’s metabolism apparatus and selected parts are shown 
in jig. 4. 

The excitability curves for the experiment just described are 
shown in figure 5, AB and A,Bi. The apnea point in waking 
state has the tension 42.4 mm, in anaesthesia 41.6 mm. A dis- 
placement in contrary direction of the one taking place in sleep 
is seen here. — The decrease of excitability during anaesthesia 
is considerable. Expressed by tangent to the steepness angles 
the excitability coefficient for wmking state is 1.38 and for an- 
aesthesia 0.67. The respiratory centre is much more affected 
during anaesthesia than during sleep. 

In a further double experiment on another subject comparatively 
deep and protracted anaesthesias of 14 and 18 minutes were 
obtained by 1.5 gram e'vdpan. The reaction to pain was suspended 
for 10 — 15 minutes. The fall in vetilation amounted to 80 % 
during CO 2 breathing and to 49 % during atmospheric breathing. 
The tension rose considerably, 8.3 and 8.0 mm respectively 
on the two days. Both frequency and depth decreased, 18 — 13 
and 1,200 — 300 ccm. — Curves of excitability are shown in 
figure 5, MN and MiN^. It is more pronounced here than in the 
previous case, that the excitability against large doses of carbon 
dioxide is proportionally more reduced than against small ones. 
Eor the same reason the fall in ventilation expressed in percent 
is greater in the CO.^ breathing experiments than in the atmosphe- 
ric experiments. The point of apnea moves from 36 mm before 
to 29 mm tension during the anaesthesia, a displacement in the 
same direction as in the previous experiment. — The coefficients 
of excitability are 0.84 and 0.45 for a waking state and for an- 
aesthesia respectively. 

It is remarkable, further, that the excitability in a waking state in 
this case is very low, the coefficient is at the same level as those seen 
earlier during sleep. This patient is the only one being psychotic (cata- 
tonifonn schizophrenia), and there is no doubt that she has a patho- 
logically low waking excitability (compare findings by melancholia 
[ScHOU, Troi.le and Cstergaari) 1942]). 
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If the results of the e3i)eriments are put together ahd 'arrangyi^ 
according to decreasing coefficients of excitahility, three rentirely 
separated groups appear. One is formed hy the coefficiehts|f6r 
5 waMng determinations with the values 1.64, 1.57j:;lv4lf:^0 
and 1.33. The next group consists of three sleeping co^fificien^]^ 
1.13, 1.10 and 0.81, the two first from spontaneous- sleep Vwhile; 
the third is from the experiment with the deeper eidpah hleep.^ 



AB and 00 carves of excitability for a, making state, AiB| and 00| for 
anaesttesia fcom the experiment fig. 4. ^ MB and :0P and' also'^^IiN, and OP, 
corresponding curves from experimentsjpn another' subject' (9,®.y>;r)6- years). 

In the middle of this "sleeping -^pup” -is: a cocfficiont (O.S-I) fron» 
the y^aking determination in the .phtient. la mentioned , in whoiu 
the excitability, of , the centre' is, ycpi^dered pathologically, low. 
— - At the, bottom of the., scale, group” is 
formed by the .two .anaesthesi^'cpelfm^^ ami 0,45. 


During evipah'MhesthesiE,^-,^^^ light anaesthesia,, the . 

respiration is. affected i^^ degree the excitability' 

of- the respfrator'y /cehtie-.tow^ is considerably reduced. 
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Tlie effect is far more pronounced tl)an found in the experiments 
during sleep. The statement of Weese and others, that the respira- 
tion is not or only very slightly affected during an ideal anaesthesia 
must therefore he considered disproved. The effect finds its 
expression in a reduced ventilation and in a rise in alveolar 
carbon dioxide tension. It is to be noted, that the ventilation 
during anaesthesia is relatively more reduced during CO; breatliiug 
than during atmospheric breathing, and for this reason the curves 
of excitability (ad modum Likdhaed 1933) during anaesthesia 
change direction besides being di.splaccd depressively. This is in 
contrast to facts during sleep, Avhcre a parallel displacement is 
occasionally seen. Conditions during anaesthesia correspond to 
those mentioned by Beecher and Moy’ee in experiments on 
dogs, that large 00« doses in the air breathed increase the reduction 
in the excitability of the rc.spiratory centre caused by evipau. 

In the case of anaesthesia the fall in ventilation is brought 
about by decreases both in frequency and depth of respiration. 
In the sleep experiments on the other hand the fall is first and 
foremost contingent on decreasing frequency. The "classic” 
statement, that the depth is increased during sleep, is not sup- 
ported by the present results. 

Owing to the considerably reduced respiration during e\dpan 
anaesthesia it is important that the evipan is administered very 
carefully. It appears from tiic curves, that the fall in ventilation 
is increased gradual!}' by increasing depth of anaesthesia, which 
corresponds to findings in the experiments during sleep. The 
reduction in the cxcitabiUty of the respiratory centre is conse- 
quently increased in proportion to the depth of anaesthesia, i. e. 
to the concentration of evipan in the blood. — At a certain con- 
centration tlie centre as the first of the Tutal ones will be put 
out of function, and a paralysis of the respiration sets in. This 
most often happens by a sudden overdosing. 

Summary. 

Determinations are described of the excitability of the respi- 
ratory centre during a waking state, during spontaneous sleep 
and evipan sleep and during exdpan anaesthesia by studying the 
reactions to the breathing of CO» mixtures (Lixdhard 1933). 

2 experiments with spontaneous sleep shoAv in both cases reduced 
excitabilit}’’ in the respiratory centre during sleep. 3 experiments 
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with sleep after giving of evipan in hypnotic doses show a larger 
reduction in the excitability which is solely due to deeper sleep, 
as it can be proved, that the evipan in hj^notic doses does not 
affect the centre depressively. From this the conclusion is drawn, 
that the reduction in excitability during sleep increases in pro- 
portion to the depth of the sleep. 

Finally 8 experiments with evipan anaesthesia show that the 
excitability of the respiratory centre, even during light anaesthesia, 
is affected far more in a depressive direction than during sleep. 
The results of the experiments further show that this depression 
is increasing with the depth of the anaesthesia — i. e. with the 
concentration of evipan in the blood. At a certain concentration 
— as a rule this occurs by a sudden overdosing — the centre as 
the first of the vital ones will be put out of function, and the 
respiration paralysed. 

During sleep ventilation was decreased 20 — 38 %, during anaes- 
thesia falls of 48 — 80 % appeared. While during sleep the per- 
centage fall occasionally was about the same with atmospheric 
and CO 2 breathing, a proportionally larger fall was caused by 
CO 2 during anaesthesia. 

The tension of carbon dioxide in alveolar air rose during sleep 
3 — 6 mm, during anaesthesia up to 8 — 9 mm. The fall in ventila- 
tion during sleep was first and foremost due to a reduction in 
frequency, during anaesthesia on the other hand both to reduction 
in frequency and in depth of respiration. 
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la a former investigation (Buchthal 1942) vre liave,dealt^-.witiiv 
elastic properties of the isolated cross striated muscle fibre; ; Its 1 
static elasticity was determined from length-tension diagrams, .’and" 
its dynamic elasticity and damping (viscosity) were analysed.inV- 
vibration experiments using an oscillation period of . 5.';cycles;; 
per second. Viscous and flastic froferties were investigated 'ihy:; 
means of semi-dynamic length-tension diagrams. . 

A definite and simple correlation was found in the resting [jihid 
between tension (t) on the one hand and elastic; -propertiesi;(st)i 

expressed by stiffness on the other — Ir).'- ^ 

iion conditions are more compUcated;' Isometric jcoiitractiw^^ 
reveal both lower and higher -stiffnc.s.s when cdm^ 'wth'Vthe 
same tension at rest. lyHeu howey«‘r, «tu i.s:ometrically contracted 
fibre is released dmihg stimulatioii, contraction .stiffncs.s alway.s 
exceeds stiffness of ithe resting’fibrc (referred to the .sa too t('.usion). 
Length-tension' dbagra^ isonuda'icall)' ■ oonl'racted fibre 

show that its elasticity /measured bv vstiffne.ss, dc- 

.. y ^ ■ ■/! length/ 

.creases ./during . ;coutraction>; when 

reached.v;Ffbni; the: graiBent bf:release-c6nM;actioh%dia^aM^^^ 
the course/ pf senudynamic length-tonsidn diagrams it follows 
that /this/ phenomehonyis caused ..by a plastic lengthening /of ■ 

'' nh: .'?' I • / « ■* 7« ' v 'ri- -i. i .1 
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is exceeded, probably tbe same value of tensiou responsible for 
tbe yielding wMcb appears in length-tension diagrams. 

Plasticity during contraction becomes apparent statically by a 
change in gradient of length-tension diagrams and dynamically by 
decreased stiffness. 

The aim of the present investigation is to analyse conditions 
causing yielding and determine their quantitative influence on 
contraction tension and stiffness. For this purpose a method is 
developed for continuous and simultaneous measurements of 
stiffness and tension at rest and during contraction. 

Furthermore, these experiments have led to an investigation 
of relations between elastic and viscous properties in muscle 
by determining stiffness with periodic changes in length of dif- 
ferent frequencies. Formerly a mechanical equivalent circuit was 
derived from the time course of elastic after-effects and the 
damping constant, which represented a further development of 
Levin and Wyaians (1927) diagram for total muscle. Here, with 
improved technique, an attempt is made to re-investigate the 
quantitative basis of such an equivalent and to determine tem- 
perature dependence of factors entering the equivalent diagrarh. 


Method. 

1) Preparation. The experiments are performed on single fibres or 
small bundles of m. semitendinosus (Rana esculenta and Rana tem- 
poraria) which are prepared from tendon to tendon in an ice-cooled 
Einger solution of pjj 7.3. Oxygen content and constant pa are en- 
sured by passing a stream of 99 per cent O2 and 1 per cent CO5 through 
the solution. To establish a suitable colloid-osmotic pressure the Ringer 
solution contains, besides salts and glucose, 1.35 per centPolyviol Am. 
Curarised muscle fibres are used in a number of experiments (0.5 ^g 
pure curarine (King) per g frog). 

2) Stiffness determination. Stiffness is determined by continuous 
measurement of tension changes in the fibre originated by periodic 
alterations in its length. The latter are produced by an electro-magnetic 
system (Kg. 1, and Fig. 2 a^) connected to a stainless steel micro- 
tweezer (2 Fig. l)which can be moved in the direction of its longitudinal 
axis. The electro-magnetic device consists of the movable system m 
an ink writer unit used in electro-encephalography (Btjchthal and 
Kaiser 1943). 

Excursions of the tweezer (2, Fig. 1) are measured by transformation 
to capacity changes. These are recorded over a high frequency circuit 
(Fig. 2 a^) with amplifier and electrostatic oscillograph, the deflections 
of which are proportional to the movements of the tweezer arm. One 

2 — H3582. Acta phys, Scandinav. Vol. 8. 
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changes in length is constant from 0 to about 300 cycles per sec but a 
maximal output of the oscillator would allow stiffness determinations 
mth frequencies of up to 500 cycles per second. For low frequencies 
limits are set only by the oscillator which can be used for frequencies 
as low as 0.5 cycles per sec. When still lower frequencies are wanted 
the laboratory oscillator is replaced by a purely electro-mechanical ar- 
rangement. To obtain high measuring accuracy when determining 
amplitudes of these low frequency oscillations, movements of the 
mechanical alternating current generator are connected directly with 
the paper transport of the recording camera so that for any frequency 
the distance between oscillations is the same. Frequency is varied by 
changing recording velocity continuously and is measured by simul- 
taneously registered time marks. The frequencies examined with this 
arrangement lie from 0.3 to 10 cycles per sec. When using frequencies 
above 50 cycles per sec the shape of curves should be as regular as 
possible. Superposed oscillations, which may occur accidentally are 
propagated faster than the main vibration and thereby give rise to 
phase displacements affecting the accuracy of stiffness determina- 
tion. 

When frequencies above 150 — 200 cycles per sec are applied the 
periodic tension variations which are superposed over an 8 — ^10 mm 
long fibre are essentially deformed. The cause is the following: As stiff- 
ness increases proportionally with tension, a tension maximum in a 
vibration curve is propagated more rapidly than a tension minimum. 
Corresponding deformations occur when sinus-shaped oscillations are 
transmitted through tubes whereby oscillations become more jagged. 
The use of short fibres and small vibration amplitude will reduce these 
distortions occurring at high frequencies. Fibre lengths below 2 — 3 mm, 
however, introduce other difficulties, partly because a determination 
of absolute tension values becomes difficult (see page 21) partly be- 
cause the deformation due to length alteration is different in the dif- 
ferent parts of the fibre. The fibre zone nearest the tweezer will appear 
stiffer as variations in cross-section here are counteracted by its attach- 
ment. The shorter the fibre in proportion to the fastening zone the more 
important is the influence of the latter. Therefore, when investigating 
stiffness at high frequencies 4 — 5 mm long fibres are used and a saw- 
tooth vibration. 

The superposed periodic tension variations should not exceed 20 per 
cent of extra- tension. Higher amplitudes increase the chances of yield- 
ing and lead to sudden alterations of tension and stiffness. When fibre 
bundles are worked on they must not contain tendon sheaths or tendon 
tissue shunting the contractile substance. The implication of shunti^ 
tissue leads to high and almost constant stiffness values as the stiff- 
ness variation of the contracting substance proper becomes relatively 
of minor importance. 

Large variations in length i. e. those used for release or extensi^, 
are performed by moving the whole electro-mechanical system by 
lever (5) (Fig. 1). The size of these variations can be read on scale (6) 
or may be recorded using an eledtrical transmission. 
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It is necessary to control tlie measuring arrangement for possible 
non-linearities ^’iz. oscillograph deflections do not vary proportionally 
with input tension. For correction it is immaterial if this non-linearity 
is due to the oscillograph itself or to distortions caused by other parts 
of the measuring circuit provided that test tensions controlling the 
entire circuit are introduced. Constant mechanical tensions of different 
size (a) superposed by constant alternating tension (b) allow control 
of sensitivity for different amplitudes. Alternating tension amplitudes 
(b) as function of tension (a) may serve as measure of relative sensitivity. 

4) Stimulation. The stimuli applied consist of rectangular current 
pulses produced by a thyratron generator. Their duration is 1 ms and 
their frequency, when initiating tetanic contraction, 40 — 50 stimuli 
per second. The stimuli are applied to the fibre over the two stainless- 
steel tweezers 2 and 8 (Fig. 2). 

5) Variation of temferature. The fibre is placed in a double-walled 
chamber of thin silver plates filled with Ringer solution. The tempera- 
ture in the chamber can be changed by passing water of different 
temperature through the space between the silver plates and tempera- 
tures are continuously verified thermo-electrically. 

6) Measurement of absolute tension values and equilibrium length. 
The influence of amplifier drift on absolute tension values is compens- 
ated for by frequently releasing the fibre from its instantaneous length 
to tension zero. The tension difference recorded corresponds to the 
fibre tension in the respective state. During this relaxation the fibre 
hangs relaxed in the Kinger solution in order to prevent tension 
development due to elastic after-effects. In this way absolute tension 
is measured in fibres of medium length with great accuracy. When fibre 
length however is below 2 — 3 mm the fastening zone in the tweezer 
will prevent it swerring sidewards and the otherwise distinct dis- 
appearance of tension around equilibrium length does not occur. 

Equilibrium length is measured either by determining the length 
where tension just develops with an additional elongation or by 
determination of the fibre length where it is just straightened out. 
Both methods give identical results. 

7) Temperature dependence in the resting fibre is measured by means 
of a horizontal spring balance where the tension displaces two parallel 
arranged spring plates. Their displacement is measured by a micro- 
scope with an eye-piece with movable cob-web. As tension is registered 
during several hours where unavoidable drift of the amplifier wordd 
imply corrections, this direct registration was preferred to the con- 
denser myograph. Tension is measured with an accuracy of < 0.5 mg. 
All possible precautions are taken and control experiments performed 
to prevent erroneous results due to the influence of ternperature changes 
on the measuring system. The fibre is held by two micro-tweezers con- 
sisting of Invar metal and in a series of experiments it rests on a quartz 
plate (WoHLiscH & Renk 1938, Wohlisch 1943) to avoid the influence 
of updrift which varies with temperature. In every experOTPiit » length- 
tension diagram is recorded. The fibre length, i. e. its equihbrium len^h, 
increases plastically due to the load applied over a long, time and the 
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length measured at a given moment is no direct structural expression 
of the degree of stretch. Tension is a better expression and is used to 
evaluate the corresponding “structural” length from the length-tension 
diagram. As fibres vrith different cross-sections are examined, insf.ead 
of comparing absolute tension values, the material is treated ivith 
regard to tension variation in relation to tension at high temperature. 
Tension and its changes are expressed logarithmically, •whereby the 
relative tension changes can be read directly on the curve. 


Results. 

Stiffiness and Plasticity during Contraction. 

Experimental conditions used in the following experiments 
correspond largely to those formerly applied (Buchthal 1942). 
The present method, however, allows a continuous determination 
of stiffness. To make full use of this advantage measuring fre- 
quency is increased from the formerly used 6 to 10 cycles per sec 
whereby a sufficient number of determinations -with suitable time 
intervals can be obtained. 

1. Yielding in isometric contraction. We have pre'vdously in- 
terpreted the decrease in contraction extra-tension "with increasing 
elongation as being due to the limiting influence of tension on 
the propagation of contraction over the single molecule chains. 
This limiting influence is further indicated by the decrease of 
extra-stiffness during contraction "with increasing initial tension, 
and contraction stiffness gradually approaches that of the resting 
fibre. 

Stiffness determinations both at low (10 cycles per sec) 
and high frequencies reveal the dependence of contraction on 
initial stretch, and it is thought to be the result of a yielding 
process which has taken place. In the following experiments an 
analysis of elastic properties during the yielding period itself is 
attempted. 

Tetanic contractions with superposed periodic tension varia- 
tions (10 cycles per sec) are seen in Eig. 4. Contractions are re- 
leased at different initial lengths and the amplitude of the pe- 
riodic tension variations is a relative expression of fibre stiffness. 
At length 100 these tension variations are constant during con- 
traction and indicate constant stiffness. Stiffness is reduced in 
the first phase of contraction initiated at length 108, a decrease 
which is still more distinct at lengths 116 and 126. At length 116 
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Fig. 4. Time coureo of tension in isomotrio tetanic contractions superposed with 
penodio changes in tension. Different initial lengths (equilibrium length = 100). 
Frequency of periodic changes 10 cycles per sec. 


peslc tension of tlie second oscillation is entirely lacking. At 
length. l3o stiffness is constant but relatively lotv in proportion 
to tension. The low values in. stiffness generally occur in the course 
of the first 0.6 sec of a tetanic contraction. !Fig. 5 represents 

stiffness, tension and ■ (P) for the example given in the 

preceding figure. Tension is relatively constant during contrac- 
tions at the different elongations, while stiffness increases at 
length 108, 116 and 125 in the course of contraction. P shows 
corresponding variations. At length 100 P is highest (0.25), at 
length 108 it approaches this value slowly while at higher elonga- 
tion it decreases and is 0.1 at length 135. Thus, in spite of constant 
tension, contraction stiffness may vary considerably in a certain 
ranye of tension. 



Fig. 6. Tension, stiffness and F as function of time in isometric tetanic contraction 
(calculated from original curves in fig. 4) at length 100 (equilibrium length), 108, 

116, 125 and 135. 

# # 9 # tension, • • • • = stiffness, • — • — = F. 
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2. Yielding during length alterations of the tetanically con- 
tracted fibre. The pmpose of the folio-wing experiments is to find 
if there is any difference -when tension, causing sudden changes 
in stiffness, is due to an intrinsic change in eq^uilibrium length 
during contraction or to externally induced length alterations. 
Stiffness determinations are, therefore, performed during ex- 
tension and release of the tetanically contracted fibre. Tension, 
stiffness and F as function of time during three extensions and 
releases of the continuously contracted fibre are seen in Fig. 6. 


<3 



Pig. 6. Tension, stiffness and P as function of time. Three extensions during 

tetanic contraction. 

• • • • = tension, • • • • = stiffness, = p. 

During the first stretch F is constant, in the next it is lower in 
the beginning and then increases, while during the last extension 
F is still lower, but increases again -without, however, reaching 
the pre-vious value. The decrease in stiffness occurring at a certain 
tension level is thus independent of whether tension is due to in- 
ternal changes in equilibrium length or to enforced variations in 
length. 

In Fig. 7 b — d the three extensions are represented as stiffness- 
tension diagrams. In diagram b (tension 60 — ^200 units) extension 
and release are practically reversible. Stiffness during contraction 
is somewhat higher than at rest. In the next range of stretch 
(diagram c, tension 60 — 325 units), there is a clear difference be- 
tween extension and release curves, stiffness becoming less durmg 
extension than during release as soon as tension exceeds 200 umts. 
In diagram d tension reaches 630 units and above temon 200 
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there is a similar difference between extension and release. The 
gradient of both release and extension curves is lower in diagram 
d than in b and c. Due to yielding at high tensions, the amount 
of contracted substance is diminished and contraction values 
approximate those of the resting fibre. In resting fibres (diagram 



a, rest, b, c and d. tetanic contraction with increasing degrees of extension 
daring contraction. Duo to the small tension and stiffness at rest the co-ordinate 
system in a is 4 times that in b — d. 


•-•-*-11 = extension, • — release, = resting fibre. 

a) the stiffness is reversible as function of tension during extension 
and release. Stiffness-tension diagrams during contraction superr 
posed with periodic tension variation of 10 cycles per sec thus show 
irreversibility when external tension exceeds a certain value, F being 
essentially less during exte-nsion than during release. 

3. Comparison of stiffness determination at 10 and 100 cycles 
per sec. Fibre tension is caused both by the reversible deforma- 
tion and the force due to stiffness by which it counteracts a de- 
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release exceeds that during extension bv 10 — 16 per cent when 
tension amounts to 40 — 100 per cent of maximal contraction 
tension. As the decrease in stiffness during extension is due to 
yielding we may expect that stiffness determinations using 100 
cycles per sec do not exhibit measurable differences between ex- 
tension and release stiffnesses. Comparative experiments, how- 
ever, reveal a variation opposite to that occurring at 10 cycles 
per sec, stiffness being 20 per cent higher during extension than 
during the release phase of contraction. 



Fig. 9. Stiffness as function of tension during isometric tetanic contraction and 

at rest. 

a. isometric contraction 100 cycles per sec. b. rest 100 cycles per sec. c. iso- 
metric tetanic contraction 10 cycles per sec. Contractions at low initial tension 
and low frequency were not registered in this experiment and the curve is 
extrapolated on the basis of other experiments using 10 and 5 cycles per sec. 

Ordinate: stiffness in arbitrary units, Abscissa: tension in arbitrary units. 


Yielding during extension occurs both when 10 and 100 cycles 
are applied, viz. due to the high stretch, part of the substance 
is pulled out of contraction. The release curve, common for both 
frequencies, is therefore in both cases nearer to the resting curve 
than the initial part of the extension curve (cf. schematic dia- 
gram Fig. 8). In the last two-thirds of the extension curve stiff- 
ness measured at 100 cycles per sec increases continuously with 
increasing tension as here yielding, though present, has no im- 
mediate influence. Using 10 cycles per sec a low stiffness is foimd 
in the same range of tension. During release F at both 100 and 
10 cycles per sec is nearer the resting curve because yielding has 
occurred. Furthermore for 10 cycles per sec a decrease during 
extension is observed because yielding is occurring. 
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Stiffness-tensioni diagrams registered for tlie same fibre mtb 
both frequencies at rest and during contraction are seen ‘in 
Mg. 9. Witb frequencies of 100 cycles per second contraction 
stiffness always exceeds that of the resting fibre while, this is' 
only the case at 10 cycles per sec as long as yielding has'not 
entered. 

4. Measuring fregitency anA stiffness. In the preceding section 
we have mainly dealt with the influence of yielding on .‘^tiffnc.s.s 
measured with different frequencies. There is, however, another 
factor determining frequency dependence. Previous investiga^ 
tions have demonstrated elastic after-effects in muscle (v. X httis 
1880, Blix 1892, Gasser and Hill 1924, H. H. Weber 1941) 
and in single fibre (Buchthal 1942). A sudden change in length 
causes higher increase in tension than would correspond to static 
stiffness. After this sudden increase tension decreases and' ap- 
proaches asymptotically the static tension belonging to the new 
fibre length {consolidation). The more rapid the length alteration 
the more the tension alterations exceed static values. Dynamic 
stiffness, therefore, must be higher than static and will increase with 
increasing frequency. Furthermore dynamic stiffness varies with 
consolidation velocity. With a high rate of consolidation, values 
of static and dynamic stiffness approach each other. Increase in 
dynamic stiffness with increasing frequency thus is an expression 
of mutual relation between angular velocity of length aUerations and 
rate of consolidation. -i «' 

Determination of static stiffness is difficult^ as the course , of. 
length-tension diagrams (the basis for static stiffness) depends to' 
a large extent on the time used for theii- dcterminalion. Lcngtli- 
tension diagrams registered in the cour.^e of f()W minuies (semi- 
dynamic) exhibit about Uiree times higher values of tension and 
stiffness than does a diagram registered in the course of one hour, 
where consolidation still goes on. 

In the following sections ex[)erimcnts on dynamic stiffness as 
function of frequency at rest and during contraction ai-o. quoted. 

Resting fibre. Stiffness referred to tension (F) as funefion of 
measuring frequency between 1 and loO cycles per sec is repre- 
sented in Fig. 10 c. The variation of I'"' corresponds to the in-c- 
sence of a-viscous shunt. In curve bj stiffness varies as the vec- 
torial sum* of an clastic and viscous stiffness, tlic latler dependent 
on measuring frequency. Curve c is a mean of experiments on 
slightly and moderately elongated fibres . (lengths 120 — 150). 
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Stiffness as function of frequency varies less at liigher and more 
at lower elongations than in the mean curve. 

Between frequencies 0.5 — ^10 cycles per sec no measurable 
variation of stiffness is found. On the other hand the difference 
in stiffness found between static experiments and those using 5 
cycles per sec indicates that static stiffness is at least 50 per cent 
lower than stiffness at 5 cycles per sec. A considerable stiffness 



tions introduced for the measurement of stiffness. 


Preq^nency dependence 

a, of the resistance caused by a viscosity against length alterations of constant 
amplitude. bi of a system consisting of elasticity and viscosity in series, bj of a 
system consisting of an elasticity shunted by a viscosity, c. of the resting fibre, 
d, di and dj in isometric contraction (c. f. text). Ordinate: F. Abscissa: cycles per 
sec, logarithmic scale. 


variation must therefore occur between 0 and 0.5 cycles per sec. 
A closer analysis of this frequency range will be attempted by 
experiments on elastic after-effects. The value of F at rest and 
its dependency on measuring frequency is not measurably affected 
by changes in temperature between 3 and 24° C. 

Contracted fibre. Apart from the fact that stiffness during con- 
traction exceeds that of the resting fibre between 20 and 150 
cycles per sec the course of F during contraction corresponds to 
that at rest (Fig. 10, curve d). Stiffness during contraction varies 
however with temperature (cf. the following paper). When fre- 
quencies below 10 cycles are applied stiffness decreases essentially. 
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due to the fact that yielding becomes noticeable. We have analyzed ' 
this frequency range separately using an electro-mechanical ;al-:; 
ternating tension generator for low frequencies (see pg. 18). Cmve - 
da shows F found in these experiments. Apart from a parallel dis-f„ 
placement, the tendency of this curve is the same as in d. Stiffness * 
during contraction reaches resting values at 6 cycles per sec.'3y; 
extrapolating curve d the same would be the case at 2 cycles per 
sec. The difference is probably due to a more marked yielding in ■ 
the last mentioned experiments and is in accordance with pre-' 
vious experiences (Buchthal 1942) when frequencies of 5 cycles 
per sec were used, and where F during contraction could lie'con- 



Fig. 11. Tetanic contractions with superposed periodic tension variations for./ 

determination of stiffness. i 

a. 0.5 — 1 cycle per sec. b. 7 cycles per sec. Distance between time markings’^ 
0.2 sec. ; ■ • ; ; ■ 


siderably above or below resting values d'epen^g on'in^yiduar 
differences in the yielding effect ofiension. -.Cmve-.d!, represents ^ 
an extrapolation of dj to higher frequencies where -the influence ^ 
of yielding gradually decreases. A' dffect-' cdinparisdh' of fibre- 
stiffness at frequencies between 0^.6 and , 10 "cycles; '.where ppntraq^^^^^ 
tion stiffness varies inost^'roth changes ;in{:i^equency,y, is 
Fig. 11. While-frequency increases, continuously, tetanic rcohteac-^ 
tions (duration 2 sec), are '.released ;at ^suitable intervalA,(6 ;sec)^^^^ 
During coninraction.'atjffequencies, beWeenlOVs^^and: 1 ucycle/perf 
second amplitudes ‘of penolffc'^tension' variation are small (low 
stiffness, Fig. 11 a) , while' the same' length" variation causes, con- 
siderable .„peri6dic - ter^idn,’ .variations . when , frequency . has in- 
creased to f cycles per -sec. (high stiffness, Fig. 11. b). Contraction . 
tension is apprommately/identicaL-at' the different freqviencies 
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Concerning tiie dependence of stiffness on measuring frequency 
ve may summarize as follo-ws; During isometric contraction 
stiffness decreases with falling frequency and attains, at low 
frequencies, values below those of the resting fibre. This behaviour 
is due to yielding, which has greater influence the lower the 
measuring frequency. Stiffness in release contractions, however, 
always exceeds resting values due to the occurrence of an elastic 
locking characterised by reversible length-tension diagrams and 
no yielding during vibrations (Buchthal 1942). 

The dependence of low frequency stiffness on temperature 
during isometric tetanic contraction’^ cannot be determined, as 
tension developed at low temperature is insufficient to produce 
yielding. Therefore comparisons between the effects of high and 
low temperatures become difficult. An investigation of contrac- 
tion stiffness at low temperature and low frequency reveals higher 
values of B than at higher temperatures, but this increase may 
only be due to the fact that tension is too low to produce yielding. 

5. Temperature dependence of tension in the resting fibre. 
Frequency dependence of dynamic stiffness is determined by the 
interaction of elasticity and viscosity. Taking into consideration 
that viscosity decreases with increasing temperature, it is sur- 
prising that dynamic stiffness at rest does not reveal measurable 
alterations with variations in temperature. On the other hand 
Renk and Wohlisch (1940) and Meyee and Picken (1937) fiud 
in the resting fibre changes in tension or length respectively when 
temperature is varied. The shortening tendency increases with 
moderate elongations and the opposite tendency is found at high 
degrees of stretch (50 per cent). At slight elongations there is dis- 
agreement, Renk and Wohlisch finding the same tendency here 
as at medium elongations while Meyer and Picken describe a 
second inversion in temperature dependence, the muscle behaving 
like all isotropic bodies and becoming longer with increasing 
temperature. Renk and Wohlisch have already drawn attention 
to the fact that the different thermal reaction of tendinous tissue 
may introduce errors when total muscles are applied and there- 
fore use muscle strips. In connection with an investigation of 
temperature dependence of stiffness and viscosity we have ex- 
amined temperature dependence of tension in resting fibres or 


’ Tension difference between high and low temperature is greater in tetanic 
contraction than in twitches. In the latter tension does not decrease noticeably 
until temperature is below 4° C. 



G. G- KNAPPBIS. 

FBira “'T ^2, As a® “ Ty 

' ■ i„t fey* L^i mvestigat«»« *'7 

tardies oont«»ng fe „euUon <1 



t:----^^-"--^^''"''i^ «»>«”■ 

Bg.12' W°l“- 

length no. • m 

In temjeialuie oJ \ j tto cM''® “ntve amoimte t» 

rr.»»?f=s-i»ri?JS=i 

IhUo an U. ^ 




'lii ^ 


I— — — "Iti ^ ^ 

,,X3. 

Abscissa: fi^e ie«K 



KLASTICITV, VJPCOSITY AND PLASTICITV. .^3 

elongation. This difference in experimental results could be due 
to fascia sheaths or tendinous tissue present in the muscle strips 
used by Rexk and Wojimscii. At high elongations the tendinous 
tissue would dominate the course of tension and its temperature 
dependence due to the low extensibility. The compensating effect 
of tendinous tissue could likewise explain why Renk and Woh- 
LtscH find, at maximum, only half as great a temperature de- 
pendence as. we do, when comparisons arc made on the basis of 
length-tension diagrams. 

In contradistinction to .Mkyp:ii and Pickex our results, with 
those of Rexk and Wdnusen, indicate a temperature dependence 
which is loss than proportional with absolute temperature. 

Discussion. 

Comparative measurements of elastic properties with different 
frequencies lead to the conclusion that high frequency (100 cycles 
per sec) is preferable for determinations of stiffness proper which 
may be considered a suitable gauge for the relative amount of 
contracteil substance. At low frequencies stiffness values are 
niasko<I dtie to yielding arid the apparent decrease in stiffness 
may serve as aJi indicator of the yielding process. In release con- 
irnction.s, where yielding has come to an end and the fibre is 
elastically locked, true stiffness values for the respective frequen- 
cies arc also obtained. 

The occurrence of yielding may be of importance in 'physiological 
muscular aciiviUj. It enables a muscle fibre at a given c.xcitation 
to develop approximately equal tension in a large range of stretch 
and it prevents ruptures when a muscle is excited at high initial 
load. 

On the other hand yielding limits the shortening ability to 
about 30 per cent. Larger shortenings may be expected before 
fibre tension has reached its critical value. In this connection 
mention may be made of former c.xperiments (Buchthal 1912), 
where muscular work increased through short interruptions of 
stimulation and elastic locking occurred at shorter fibre lengths. 

Roughly speaking stiffness in the contractile substance may 
be of two different types, 1. structural stiffness and 2. “cheraicaT’ 
stiffness. Structural stiffness was treated in detail in a former in- 
vestigation where stiffness as function of tension was analysed 
for spiral structures of molecule chains. As far as structural stiff- 

3 — Acta phijs. Scandtnav. Vol.8. 
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ness is concerned an increase in stretcli will cause an increased 
orientation, at first implying tlie adjustment of the fibre as a 
whole, then coarse micellar orientation and finally an increased 
orientation in minute structure. - ‘'■'T; 

The minute structural orientation, however, is not necessarily 
a purely mechanical process. In accordance with H. H. Weber’s 
(1934) assumptions length alterations in minute structure elements 
instead of being purely elastic may be accompanied by different 
adjustments of the molecule links dependent on tension {“chmiml 
stiffness”). These structural modifications may by termed changes 
in linkage. , 

A mechanical equivalent circuit apart from pure elasticity con- 
tains elasticity shunted by viscosity. The frequency dependence 
of fibre stiffness just as the course of elastic after-effects indicates 
that viscosity is not uniformly distributed over the fibre. A 
mechanical equivalent however will become rather complicated 
if it is to contain factors accounting for both dynamic and static 
stiffness and their dependence on temperature. Therefore^ the 
assumftion of changes in linkage affeafs more prohahle and 
viscosity is explained as being due to the velocity of transition from 
one linkage modification to another. 

On the basis of this assumption stiffness and viscosity nt rest 
and during contraction and their temperature dependence may 
be interpreted as follows: 

1, Resting fibre. The dependence of stiffness on frequency„j be- 
tween 0 and 0.5 cycles per sec is .supposed to bo due to linkage 
modifications which occur slowly and (dfect changes in equilib- 
rium length. Between 0.5 and 10 cycles per sec .stiffness is con- 
stant, and might be due to purely elastic factors or to linkage 
modifications which rapidly adjust tlieinselves in proportion to 
the vibration period. For measuring fri;quenci«:s between 10 and 
100 cycles per sec stiffness increases with frequency. Here, it be- 
haves as though' caused either by purely ela.'itic .stiffness shunted 
with viscosity or by_linkage modifieations, which due to the in- 
creasing frequency have decreasing time to be established. The 
low temperature dependence at rest i.s easier to explain by sup- 
posing 'linkage modification than by the occurrence of intrinsic 
Metion (“fluid friction”). A direct determination of stiffness at 
high and low temperature revealed no measurable dependence on 
temperature. Isometric’ length-tension diagrams Iia'vc a dif- 
ferent course at high and low temperatures. Around equilibrium 
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length and at high elongations values coincide for different tem- 
peratures while at moderate stretch tension is higher at high 
temperatures. The tension difference may amount to up to 4 
per cent when temperature varies 25° C. Apart from pure elas- 
ticity, stiffness is thus dependent on the possibility of transition 
from a shorter linkage modification to a longer or vice versa. 
This possibility is determined by the probability of a certain 
modification in a certain range of stretch and by the velocity 
■svith which a transition can occur. At low tension we may reckon 
with the probable occurrence of several linkage modifications, 
(caused by tension) where the shorter forms will mostly be re- 
presented. At higher tension the probability of the occurrence of 
short modifications and of the transition from short to long mo- 
difications is diminished. Stiffness due to linkage modifications 
therefore vdll be greatest at high loading. As the temperature 
dependence of tension observed in the resting fibre can be quan- 
titatively explained by thermal agitation, the experiments give 
no possibility of deciding whether the equilibrium between the 
different linkage modifications can be affected by temperature 
or not. 

2. Contracted fibre. Irrigularities in the course of stiffness 
during isometric contraction are due to yielding, e. g. an elonga- 
tion of the contractile elements irreversible during contraction. In 
terms of our model conception (Buchthal 1942) tliis means that 
different lengths of modifications may occur. The molecule con- 
sists of contracted linlrs and stretched resting substance. When 
extension forces exceed those due to contraction, part of the mole- 
cule chain yields and is transferred to rest or to a long modifica- 
tion during contraction. This transition takes a certain time and, 
therefore, the yielding. does not appear immediately at high fre- 
quency but becomes distinct at frequencies below 10 cycles per 
second. In contrast to the resting fibre where the velocity of 
change in linkage must be independent of changes in temperature, 
stiffness during contraction at high frequencies depends consider- 
ably on temperature. Temperature dependence during contrac- 
tion may be due to “intrinsic friction” between contracting 
elements^ or to linkage modifications occurring with different and 
highly temperature-dependent velocity. 

^ Liquid displacements due to different elasticity in the A and I substence 
and occurring during contraction have formerly been treated quantitatively 
(Bcchtiiai, 1942) and their influence is of minor importance. 
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Transition from one modification to another may be released 
by accidental thermal movements and can act on any part of the 
molecule chain implying low temperature dependence (propor- 
hionality with absolute temperatures). During contraction there 
is an additional factor, viz. tlie propagated chain reaction. The dif- 
ference in temperature dependence of stiffness between rest and 
contraction could thus be caused by a change in the time of pro- 
pagation over the chain highly dependent on temperature. 


Snmmary. 

1. A new method is devised for continuous measurement of 
stiffness at rest and during contraction. 

2. Tension increase in tetanic contraction is limited by a 
plastic lengthening of equilibrium length in the contracted fibre 
(yielding), the occurrence of which is most marked in the first 
0.5 sec of tetanic contraction. Yielding is characterised by a 
change in the gradient of static length-tension diagrams and 
dynamically by a sudden decrease in stiffness occurring at a 
critical tension value. This tension may be due either to con- 
traction ox to tension induced externally in the contracted fibre. 

3. Comparative determinations of stiffness with low and high 
frequencies of periodic length alterations show that stiffness 
proper is masked by yielding when low frequencies are applied 
while a frequency of 100 cycles per sec is well suited to measure- 
ments of actual stiffness. 

4. In physiological muscular activity yielding ensures constant 
contraction tension over a large range of stretch. 

6. Apart from yielding the increasing stiffness with increasing 
frequency is due to viscosity, not uniformly distributed over the 
fibre. 

6. In the resting fibre no measurable dependence of stiffness 
on temperature can be observed at different frequencies (3 — 25° C). 
During contraction stiffness decreases essentially with increasing 
temperature. 

7. Evidence is given that this frequency dependence of stiffness 
is due to “linkage modifications” in contractile elements and that 
intrinsic friction is quantitatively of minor importance. 

8. The difference in temperature dependence of stiffness at 
rest and during contraction is probably due to the chain reaction 
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occurring during contraction, tie propagation of which is highly 
dependent on temperature. 

9. At all degrees of stretch, tension in the resting muscle fibre 
increases with increasing temperature. The temperature dependence 
is highest at medium elongations and is always less than propor- 
tional with absolute temperature. 

The work has been supported by grants from the Michaelsen 
Foundation, the Nordish InsitUn Foundation and the Rockefeller 
Foundation. 
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is much larger. The length-tension diagram here is curved and 

stiffness is consequently different for the different 

sections of the diagram. 'When, liowever, we know the mutual 
dependence of stiffness and tension, deformation of the highly elas- 
tic body can also be determined. In a previous investigation 
(Buchthal 1942) we found a linear relation between stiffness and 
tension in the resting fibre after the coarse mechanical adjust- 
ment was complete. 'With the methods employed, the occurrence of 
yielding during tetanic contraction masked the actual stiffness of 
the contractile substance and inhibited a determination of its 
true elastic properties. By introducing a higher frequency of the 
periodic length alterations used to determine stiffness, the in- 
fluence of yielding is considerably reduced in this investigation. 
The method, furthermore, allows determination of stiffness within 
short periods, so that a continual measurement of stiffness and 
tension in single twitches and during development of the tetanic 
contraction can be achieved. 

The aim of the present investigation, therefore, is on the one hand, 
a determination of sliff7iess and tension and their mutual depen- 
detice to make possible an estimation of the elastic deforn%ation, 
and on the other hand, an investigation of the time course of these 
magnitudes wider different conditions by which their influence on 
the resulting mechanical tension can be analysed. 


Method. 

Measurement of mechanical tension and dynamic stiffness. 

The tension which arises when the isometrically placed fibre contracts 
is registered by means of a condenser-myograph previously described 
(Buchthal 1942, Buchthal et al. 1944). Here, as in the pre- 
vious investigation, the tension changes caused by periodic changes 

tension) 

m length are used for a continual measurement of stifiness lengtF/’ 

Tension and stiffness, measured simultaneously, are examined at rest, 
during single twitches, as the tetanic contraction develops, and during 
the tetanic contraction itself. The periodic variations in length have 
a frequency of 100 cycles per sec and are produced by a laboratory 
-oscillator with an amplifier connected to the electro-magnetic device 
for length variations described in the preceding paper. 

The mechanical tension waves arising in the fibre with contrac- 
tion or length variation transmit themselves at a mean rate oi 10 
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Fig. 1. Block-diagram of the measuring arrangement for tension and stiffness - '■ 
determination in the cross striated muscle fibre. Release of single stroke time j , 
base of cathode ray oscillograph and of fibre stimulation is performed by ^ ^ 
means of relays (R, and Rj). • ‘ ^ 

* jft 


m/sec over the fibre.’- For a fibre 10 mm long, this moan.s a maximal ’ 
delay in the tension waves of 1 ms. In the simult.aneous mcasnrcmctit 


of tension and stiffness this delay is of no ])ractical importance, but 
must be taken into account when determining the latent period of the t 
mechanical reaction. Wien investigating tension and stiffness" during 
single contraction we are especially interested in their raj)id variations, 
which are transformed firom change? in capacity to changes in electric 
tension and are recorded by a caliode ray o.-cillograph and a conden- 
ser-coupled amplifier with a single stroke time base (camera: Contax, 
lens: Astro-Ardenne special: F: 1). "With a re,ct angular voltage input 
the oscillograph deflection reaches 90 per coTit of its maximum in 
0.i‘ ms (appr.) and declines to ‘/z in 800 ms. Wiicn using a cathode ray 
oscillograph, measurements ' of stiffness give no ab.solute value?, but' 
only the percentage variarion of the rfdative p^iffne'-? during different 
conditions e. g. stre'ei!. coj’.'raeiion. (ic. Siiinn:a<’on and start of 
single stroke is workeci -ii'- s.-n-.e nionMii v p'.rii'-h (i-':!; 1, ‘■switch”). 


When, comparing xes" s iui i'. i-: i;i-v —ary '.o o-cord Fimul- 

taneonsly a'suitable of ; 'n'io!! jii'.d stiiTm ■■■•; at to.; with the 

course of tension during contraction and to mark the moment of sli- 
midation on the film. By rncans of two relays (Bj and Ilj, Fig. 1) sti- 
mulation and start of "the single stroke 1imc-ba?c can be varied rirSf’ 
ms, so that the start of contraction can he focussed on the desired place 

} Trftupmi'-sion of thpee mpi'bhnical tension -vvnvcs must not bo confused with 


th*' T)ror-:".f of the contraction wave proper, -^vhich takes place at a rafo of 
0,;> !!•,' At (: ^livJCUTiiAT, niul Kx.MT»r.is ISIS).' 
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of the fluorescent screen. Tension to and is led over a variable 
resistance and an electrolyto condenser. 

The length of fibre vuth just sufficient increase to make tension 
measurable givc.s ite cquilibritnn length. The absolute tension of the 
fibre — corresponding to the different fibre lengths — is measured 
bj' complete relaxation. The resulting difference in tension is a gauge of 
the fibre t-cn.sion in the respective conditions. 

For a further analysis (sec page 47) of the mutual relation between 
stiffncs.s, tension and elastic deformation, it is necessary to know the 
negative tension corrc.sponding to stiffness zero. This tension, termed 
stifl}m$-tension (b), is deduced from stiffness-tension diagrams by extra- 
polation. When determining stiffness as a function of tension, length 
alteration.s of constant amplitude and a frequency of 100 cycles per 
sec are supcrjjosed over the fibre and serve as a measure of stiffness 
while fibre tension is varied by slow changes in length. From corres- 
ponding values of stiffness and ton.sion, stiffness-tension diagrams are 
constructed for different fiiire conditions. As these are practically 
linear, stiffne.ss-tcnsiou (b) can thxis be determined by extrapolation 
to stiffness zero. To obtain the greatest possible accuracy, a series 
of these s(iffnes.s-tcnsion diagram.s are alwaj's recorded and their mean 
gradient used to determine (b). The error introduced by extrapola- 
tion is discussed with tlio other errors in measurement, (page 49). 
Just as \rith the olectro.static oscillograph (Buchthal et al. 1944) 
control of a jmsiblc non-linearity (output not varying proportionally 
vrith input tension) is nccc.ssary. The sensitivity of the cathode ray 
oscillograph varies in the direction of the y-axis as well as a function 
of the size of deflection and of the position of the light spot on the 
x-axis. Different constant mechanical tensions superposed by alterna- 
ting tensions of constant amplitude arc recorded as control. To facilitate 
the necc.s.sary two-dimensional correction, the size of deflection caused 
by alternating ten.sions is measured a.s a function of the position of the 
light spot on the screen (caused by constant tension). Points with the 
same sensiti\'ity (same deflection size) have the same correction and 
arc connected. These curves are drawn on transparent celluloid on 
the same scale as the enlarged oscillograms, aiid by placing the cellu- 
loid plates on the latter, the correction for different points of the oscillo- 
gram can be read directly. 

Due to the time constant of the amplifier, a further correction pro- 
portional to the size of the extra-tension and duration of the contrac- 
tion, but appl}'ing only to the relaxation period of single contraction, 
is necessary. For a twitch with a duration of 80 — 100 ms the correc- 
tion at the final phase of contraction is about 2 per cent of the extra- 
tension developed. 


Measurement of the Oscillograms. 

The oscillograms are enlarged photographically 4 5 times. On the 
enlargement the positive and negative peaks of the periodic vibrations 
are marked by puncturing, and the holes (enlarged 5 tunes) projected 
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on millimetre paper. By connecting the projected pointe ^^. nppersmd 
lower curve of the periodic tension variatioxis respectively,;;^twe^get 
an envelope curve. The envelope amplitude is a measure ^of^ith^rela^ 
tive stiffness. The middle between the upper and thedowefyc^ls 
gives the course of the extra-tension proper. At least ford cu^esjhre 
projected on the same millimetre paper; they are recorded^inuhedia^ 
tely after each other and synchronised with reference td ;the[mdment 
of stimulation. As the periodic tension variations identical in thh-fouf 
experiments are not synchronous, the resulting curve ■ containAihore 
points per time unit, and its time course, thr-’^'Tod:',’ 
with more exactitude. With a measuring frequfriicy o!' !( (i cyci- i- 
sec on the single envelope curve the distar, (“ • ! ^ 

amounts to 10 ms. The average distance in the mean curve; should 
become 2.5 ms. One can, however, only reckon with ah effective point 
distance of approx. 5 ms due to the random distribution of tbe mea- 
suring points. The technique for measuring oscihograms described here 
is easier and proves just as accurate as measurement by a measuring 


microscope. 



Preparation and stimulation. 



The experiments are performed on intact isolated fibres dr, '/small 
bundles without tendon sheaths or fascia of m. semtendindsus'fRaiiia 
temporaria and Rana esculenta). The preparation is placed;beWehn 
two stainless steel micro-tweezers (cf. Mg. 1 BuCHiHAn et ahiQ^)' 
in Ringer solution of pH 7.3 the temperature of which is, cbiitiolied 
thermo-electrically. . 

Stimulation is produced by a thyratron generator and- cioi^sts: of 
rectangular pulses with a duration of 1 — 0.2 ms. ThA,stimulus‘;ia<led 
to the fibre over the two micro-tweezers and its relatiyd.size'is're^^ 
tered by leading part of the stimulus tension oyer 'a Mgh 'f^stMce 
to the cathode ray oscillograph. When investigating;the imti^ 
of single contraction it is important to. vapply./the'shqrte'^'iposti^^ 
stimulus to avoid distortion of the,,xurve;';,.:wHch would'/TO 
stiffness measurements during /traitiitioh ftpm , rest; 
number of experiments afe,';perfdrmed on cmarisedfibresr(6r5;ji^ 
tine per g. feog). / ; v 






■An osciUdgrahi :.dT the mechanical tension in .single contraction 
superposed !with/perid^c variations foi- the determina- 

tion of ^iffiess is sho^/m 2.' The rising tension during 
development df cqntractidn ,is: accompanied by an increase of the 
envelope amplitu%.':wluch;d^^ to the relative stiffness. , 

Figi '3 sibiys /the envelope, (cu^^ for a single contraction. IJeforc 
stimidatibn/ithd inppen^ curves run paTallcl, .corre.spon- 

dihg '■td /edhstant :;f ensionyahd- -constant sti ff ness. Afte r .stimula- 




Fig. 2. Oscillogram of tension in n t^vitch superposed by periodic changes in length 
for determination of stiffness at a frequency of 100 cycles per sec, temperature = 
15 ®C. I moment of stimulation. 



Fig. 3. Time course of envelope curves of the periodic tension variations (mean 
curve of experiment 9 and experiment X ). 

Ordinate: tension in arbitrary units. 

Abscissa: time in ms. 

Stimulation at 0. 



Fig. 4. Tension (b) stiffness (c) and F (a) as function of time. 
Stimulation introduced at 0. 

^Ordinate: F, tension and stiffness in arbitrary umts. 

Abscissa: time in ms. 
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Fig. 5. Stiffness as function of tension at rest (-o-o-o-o) and during isometric 
tetanic contraction ( — • — • — •) 

Ordinate: stiffness in arbitrary units. 

Abscissa: tension + stiffness-tension (b) in arbitrary units. 



Ordinate: stiffness in arbitrary units. 

Abscissa: tension in arbitrary units. 

tion, "wKeii extia-teDsion develops, both, curves rise. The mean 
value of the envelope curves corresponds to the course of extra- 
tension and the distance between them expresses variations of 
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stiffness during contraction. Tension and stiffness are corrected 
for non-linearitj due to the measuring arrangement and the time 
constant of the amplifier, as previously described. The corrected 
time course of these magnitudes during contraction (Fig. 4) shows 
a strildng similarity indicating a definite quantitative relation 
between stiffness and tension during contraction. 

To examine this relation over the largest possible range of 
tension, stiffness is determined as a function of tension in the 
resting and tetanically contracted fibre, using an oscillation fre- 



Fig. 7. Stiffness-tension diagram at rest and during contraction trith extrapola- 
tion for determining of stiffness-tension (b) (schematically). 

Ordinate: stiffness in arbitrary units. 

Abscissa: tension in arbitrary units. 


quency of 100 cycles per sec (Fig. 5). Stiffness at rest varies 
'proportionally with tension, a result in accordance with former 
experiments where oscillation frequency was 5 cycles per sec. 
(Bughthal 1942). Stiffness at rest is almost independent of 
the rate in tension changes, so that stiffness-tension diagrams 
have the same gradient for different rates of stretch. Also 
during contraction an approximately linear interdependence be- 
tween stiffness and tension is found when using a measuring 
frequency of 100- cycles per sec, this frequency being so high 
that yielding is not noticeable (Figs. 5 and 6 }. Stiffness referred 
to the same tension is higher during contraction than at rest and is 
here somewhat dependent on the rate of changes in length or 
tension (due probably to the fact that the state of contraction 
can be altered by exterior influences). Fig. 6 shows stiffness- 
tension diagrams of a fibre in tetanic contraction initiated at 
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different original lengths. The difference between stiffness during 
contraction and rest decreases with increasing original length 
Disregarding the transition from rest to contraction, stiffness in 
all fibre lengths increases proportionally with tension. During the 
transition from rest to contraction stiffness naturally increases 
more steeply as it occurs in a relatively short period, and as the 
contraction curve has a higher gradient and lies above the resting 
curve. Also, in the transition period from rest to contraction 
stiffness depends both on extra-tension and original length. With 
increasing elongation, the difference between rest and contrac- 
tion decreases. 

Stiffness measured in the present investigations is a dy- 
namic stiffness and the conclusions drawn from these measure- 
ments can refer to dynamic properties only. A detailed differen- 
tiation between static and dynamic stiffness, as it is brought 
about when using different frequencies of periodic changes in 
length, is given in a previous paper (jBuchthal et al. 1944). 
Here mention is made only of the fact that measurements 
of elasticity with frequencies over 300 cycles per sec are unsuit- 
able for an analysis of changes produced by the contraction pro- 
cess. With this frequency the difference between stiffness at rest 
and during contraction (referred to the same tension) is unmeasur- 
able. 

A frequency of 100 cycles per sec for periodical length alter- 
nations has proved well suited for determining dynamic stiff- 
ness. With this frequency a simple quantitative dependence helween 
stiffness and tension is found at rest as well as during contraction, 
which permits an estimation of the factors determining the develop- 
ment of tension in the cross striated muscle fibre. 

Stiffness-tension diagrams for the resting and contracting fibre 
are represented schematically in Tig. 7. "While the length-tension 
diagram according to definition starts with tension zero, a certain 
stiffness corresponds to this tension implying the presence of a 
definite structure with, as ■well as without load. This initial stiff- 
ness is somewhat higher during contraction than at rest, so that 
rest and contraction curves intersect in the stiffness-tension dia- 
grams when extrapolating to stiffness zero. The extrapolated nega- 
tive tension (stiffness-tension (b) cf. page 41) is practically identical 
draing rest and contraction. 

From the Hnear dependence between stiffness and tension it 
is possible to form a simple common expression for the mechanical 
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properties at rest and during contraction. From tFe definition 
of stiffness it follows that 



( 1 ) 


where st is stiffness, y tension and x change in length. 

The linear dependence between stiffness and tension found ex- 
perimentally can be expressed as 

dst 

— F = constant (2) 

Experiments show further that stiffness-tension (b) is constant 


and (2) can be expressed by 

st = (y -f b) • F (3) 

Substituting (1) for (3) we get 

dy 

^ =(7 -!-b)*F (4) 


By transposing, F becomes 

& 

dx 

F = ^ 

y 4- b 

d (y 4- b) 
dx 

F = -j— 

y 4- b 

By integration of (6) we get 

log (y 4- b) = Fx 4- c 


( 5 ) 

( 6 ) 

( 7 ) 


where c is an arbitrary constant. 
As y = ft corresponds to x = 0 
we have log b = c 


log (y 4 * b) = F • X 4- log b 

.... (8) 

log (y 4“ b) — log b = F • X . . . . 

.... (9) 



.... (10) 

, y 4- b 


log t 

.... fill 

^ F 
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From (10) follows furtliermore 

y + b 
b 


Fx 


[12) 


and from this 

y = (e^* — 1) b (13) 


where e is the base of the natural logarithms. 

From equations (11) and (13) where b, y and F are known, the 
deformation x can be found which expresses the dynamic shorte- 
ning the fibre is capable of, when released to tension zero. For 
tension development stiffness (F) as well as deformation (x) is 
necessary. When forming the equations, it is taken for granted 
that no deformation exists at equilibrium length at rest. The 
exponent to e, the product Fx, will thus be zero, e^’' = 1 and con- 
sequently y = 0. Development of tension at this length presup- 
poses a tendency to shorten caused by the contraction process. 
The deformation expressed by x denotes the difference between 
equihbrium length in the resting fibre and the new equilibrium 
length due to contraction. With greater lengths (deformation being 
present at rest and x having a finite value) tension can deve- 
lop with a change in F only. The increase in stiffness in a stretched 
fibre can thus effect an increase in tension without a simulta- 
neous change in the equilibrium length as the stiffer fibre tries 
with greater force to attain its equihbrium length.^ 

lATien we want to calculate dynamic equihbrium length i. e. 
the absolute dynamic contraction abihty from relative values, 
the absolute values for at least one relative shortening must be 
known. In the present experiments we know the dynamic shorte- 
ning of the resting fibre which amounts approximately to half 
the degree of stretch above the static equihbrium length (Buch- 
THAL 1942). The shortening abihty (zlL) can therefore be ex- 
pressed by: 


log 


y contr. “k b 




F„ L— 100 


log 


Yrest + b F 


(14) 


where L is the length in per cent of the resting fibre (equihbrium 
length = 100). 

^ For the two fibre substances (anisotropic (A) and isotropic (I), this means 
that A yields a contribution to tension by a change in P as well as in x, and I 
only on account of the change in P (cf. Buchthal 1942), 
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The work (W) performed by the fibre when released is obtained 
by integration of equation (13) with regard to x 




e ^*— 1 


(15) 



(16) 


From equation (16) it follows that work is directly proportional 
to tension and inversely proportional to stiffness. Increasing soft- 
ness will, with a given fibre tension, cause a greater shortening 
and consequently more work is performed. Work is naturally 
greater with higher tension, ■\^^len the stiffness is infinite or the 
original tension zero, work will also be zero as the fibre cannot 
shorten. 

Thus these equations permit a formulation of the factors de- 
termining the size of mechanical tension in the cross striated 
muscle fibre. It would be tempting to investigate the amount 
of tension contributed by each of these factors, were the task not 
impossible due to stiffness and deformation entering the equation 
exponentially. The contribution in tension of the one component 
can thus not be expressed independently of the other. A certain 
change in F will effect a higher change in tension when deforma- 
tion is large than when it is slight. The changes in stiffness referred 
to the same tension (F) and in equilibrkim length as a function of 
time, however, shoio the influence of these factors on mechanical 
tension under different conditions. 


Estimation of Error. 

Computing the dynamic shortening expressed in equation (14) un- 
certainties enter for the follondng magnitudes: b, Jt) Jo F, Fo, andL. 

1. Error in h. Extrapolation of the stiffness-tension diagrams to deter- 
mine b is dependent on stiffness 0 (sto) and on the gradient of the 
stiffness-tension diagrams at rest (Fq). Stiffness-tension b, which is 
a projection of the extrapolated section of the curve on the abscissa 
(Fig. 7) can be expressed by: 

b=^ ••• (17) 

Error in b {A b) can therefore be expressed by means of the errors 
in sto and Fq (A sto and A Fo) which are generally 10 and 6 per cent 
respectively. The resulting error in b will be about 11 per cent and is 

4 — iJi3582. Acta pliys. Scandinav. Vol.8. 
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per cent. 


^mmated by stg as zl Fo only increases tie error about 
we can, therefore, ignore tbe influence of oR ^ b 

2. Error in determination of y (J y) and of F and (AF and A F) 

generally amounts to 5 and 10 per cent respectively. " 

3. Error in determination of length {L) is maximally 2 per cent, which 


in the range of stretch from 120—160 gives an error (a) on 

' ^ 2 

of between 10 and 3 per cent. 


The percentage influence of A b and A y upon log for dif- 

b 

ferent values of ^ between O.i and 100 is given in table 1. 


Table 1. 
y 

Jj 0.1 0.5 1.0 2.0 3.0 4.0 9.0 100.0 

10 8 7 6 6 4.5 3.5 2 

^ 3 2.5 2.3 1.8 1 


log^l^ 

The error resulting from b (j3) on — r is the difference between 

the errors of the numerator and denominator and is between 2 and 
i per cent in the range measured. The error in the denominator (y) 
caused by y amounts to from 2 — 4 per cent; the error in the numerator 

' S' st 

caused by jc is dependent on the error in as F = ^ . This error 

1^0 Tc + b 

must therefore be calculated in connection with the error in F deter- 
mined by the error in stiffness {A st,. = 5 per cent) and the error in 
tension (zl yc= 5 per cent). As y during contraction is considerable, 
the error in b can be ignored. The influence of A y^ on the numerator 
((5) lies between 2.5 and 1 per cent and on F (-S’) between 8 and 2 per 
cent. The resulting percentage error in the change in length (to) is 
therefore 

CO = + {6 + + AFo^ + A stc* 4- o? .... (18) 

By substituting the given maximal and minimal values we get: 

(U„,ax = 1 / 6 =^ -f 42 -K2.5 + SY -f 5* -f 5« -f iO* = 

= y291 = 17 per cent 



C0:niu = + + (1.0+2)* ^ 6* + 5* + 3* = 

= = 9 per cent .......... 


( 20 ) 
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The values found for co denote the error in per cent of the shortening. 
With small lengths -where shortening amounts to about 40 per cent, 
comnx must be taken into account, and error in the length proper -wili 
be 0.4 *17 = 7 per cent. With larger elongations -where the size of 
error is determined by the comin and shortening amounts to about 
20 per cent, the error in the len^h proper -will be 0.2 • 9 = 2 per cent. 


Tension, stiffness and dynamic shortening in single t-witches are 
subsequently. investigated as function of stretch, stimulation, tem- 
perature and degree of fatigue. 

1. T/ie mechanical reactions of the fibre after maximal stimula- 
tion at different degrees of stretch. 


The time course of extra-tension during single contraction at 
different elongations is seen in Fig. 8 a. The extra-tension in- 
creases up to a length of 126, after which it decreases, a course 
which corresponds to that kno-wn from length-tension diagrams 
for single contractions. The simultaneously registered time course 
of stiffness referred to the same tension is given in Fig 8 b where 

stiffness 

F denotes the actual - — : — during contraction and F^ the 

tension ° ^ 


corresponding value at rest. Shortly after the moment of stimula- 
F , 

tion p- increases steeply and in all cases has a maximum which 

^ O 


occurs essentially earlier than the maximal tension. In the 
present example F,j,„ 3 . occurs 20 — ^25 ms after stimulation and 
the maximal extra-tension 50 — 60 ms after stimulation. With 
increasing stretch F^m is graded in the same way as the 

F 

maximal value of tension, -igr attains its original value -within 

O 

100 ms at small degrees of stretch, while at medium and large 
elongations it can lie up to 20 per cent above the resting value 
in the relaxation phase of the contraction. Increase in stiffness 
during contraction {referred to the same tension) in comparison to 
stiffness at rest can amount to 30—90 per cent depending on the 
degree of stretch. Thus the contraction values for F usually lie 
above the resting values, but in the final phase of the contrac- 
tion F is sometimes lower than F^,. 

The course of the dynamic shortening calculated from tension 

and — is shown in Fig. 8 c. J length denotes the difference 
Fo 
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between tlie dynamic sbortening 
ability at rest and during 
contraction, i. e. A length — 

100 

^AL—j- ( 21 ), 

where zlL is given by equation 
(14) pg. 48. At length 108 (equili- 
brium length at rest = 100) the 
dynamic shortening amounts to 3 
units at rest. When contraction 
begins the dynamic equilibrium 
length decreases, (i. e. the fibre 
shows a tendency to shorten) and 
attains its minimum about 55 ms 
after stimulation. With this low 
degree of stretch the contraction 
maximum and the maximum va- 
lue of extra-tension occur simul- 
taneously. At L = 126 dynamic 
shortening at rest is 10 units, 
the curve course during contrac- 
tion corresponds to that of L == 
108. At mean elongations (e. g. 
L = 143) the dynamic shortening 
at rest reaches 23 units and falls 
immediately after the stimulation 
(15 ms after the moment of sti- 
mulation) to 18 units, after which 

F 

Kg. 8. Extra-tension (a), jr (b) de- 
formation (c) in single contractions at 
different degrees of stretoh as function 
of time. 

Ordinate; curve a: tension in arbit- 
rary units. 

curve b; — 

Eo 

curve c: ^ length {cf. equa- 
tion (21)). 

Abscissa (common for a, b, and c): 
time in- ms. 

Figures on the curves denote fibre 
lengths (equilibrium length. at reat=100). 
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the normal contraction begins. Here the maximum of shortening 
occurs later than that of tension and is reached 65 ms after sti- 
mulation. At length 157 the rise in dynamic equilibrium length 
immediately after stimulation is 50 per cent higher than at length 
143 and the dynamic shortening following is still less than before. 
The shortening maximum occurs about 70 ms after the maximal 
tension. At length 168 an increase in dynamic equilibrium length 
twice as large as that at length 143 occurs in the first 10 ms of 
the contraction. It is not till 40 ms after stimulation that the 
subsequent contraction compensates this increase. The maximum 
shortening which is only slight in proportion to rest occurs about 
100 ms after stimulation. 

D}Tiamic shortening is highest with small deques of stretch where 
the maximum is reached more quickly. With moderate or high 
elongations the maximal value of shortening is reached later and 
the contribution to contraction tension given by changes in 
equilibrium length decreases and is negative in the first 20 ms 
of contraction. The negative contribution is of increasing im- 
portance with increasing elongation. When changes in equilibrium 
length contribute less to extra-tension, the part played by stiff- 
ness increases correspondingly. This is not surprising as a certain 
degree of stretch is necessary for extra-tension to arise from in- 
crease in stiffness. The fibre has a shortening tendency towards 
the same equilibrium length both before and after the increase 
in stiffness, the only difference being that the force with which 
the fibre recoils to its equilibrium length is correspondingly grea- 
ter when stiffness increases. 


?. The mechanical reactions of the fibre at different strengths 
of stimulation and different degrees of stretch. 


The time course of extra-tension (Fig. 


9 ) 


stiffness 
’ tension 


during contrac- 


tion (F) compared to that in the resting fibre (Fig. 10), 

and of the dynamic shortening (Fig. 11) at different strengths of 
stimulation is shown in a three-dimensional coordinate system, 
where the abscissa is the time in ms, the ordinate the changes 
caused by contraction and the z-axis the degree of stretch. 
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Fig. 10. Time coarse of F/Fo during single contractions as function of stretch 

and strength of stimulation. 

a) 1 X threshold stimulus 

b) 2 X » » 

c) 4 X f » 

d) 10 X * » 

Ordinate I: F/Fo 

11; length in per cent of equilibrium length (equilibrium length = 
100 ) 

Abscissa: time in ms. 


Fig. 10 a, b, c and d) at length 120 has lower values when stimtila- 
tion is strong than when it is weak. At lengths 145 and 170 |r 

increases with increasing strength of stimulation. The time course 
of the coefficient varies somewhat for different strengths of sti- 
mulation, and no systematic changes other than those at maxi- 
mal contraction described in the foregoing section (see page 61) 

S’ 

are found. In the last phase of contraction at moderate or 

maximal stretch and moderate strengths of stimulation is below 1, 
i. e. the fibre in this phase of contraction is less stiff than when 

F 

at rest. With increasing degree of stretch decreases when the 
strength of stimulation is 1 — 4 times the threshold value. IVhen 
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Fig 11. Time course of dynamic shortening [,d length) during single contrao- 
^ tion as function of stretch and strength of stimulation. 

a) 1 X threshold stimulus. 

b) 2 X » » 

c) 4 X » » 

d) 10 X ^ • 

O,di„to t tagti. (egullibriun. l»gtb = 

100 ). 

Abscissa; time in ms. 

it is 10 times the tresliold value, a maximum for the coefficient 

is found at moderate stretch (Fig. 10 d). 

The time course of the d^ynamio shortening with drffereUt 

strengths of stimulation and degrees of stretch is 
nab c and d At length 120 shortening increases evenly witn 
tst'gti. of stimulato. At length 145 an elongafon 
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occurs in the first phase of the contraction which increases with 
increasing strength of stimulation. The following shortening also 
increases -with stimulation strength but is less than at length 120. 
At threshold stimuli the time course deviates somewhat feom the 
course at high stimulation strength, as the maximal value in 
shortening is not attained until 100 ms after the moment of sti- 
mulation. At length 170, just as at the beginning of contraction 
in the moderately stretched fibre, an essential increase in dyna- 
mic equilibrium length takes place, which is most marked when 
stimulation is maximal. The following shortening is lowest at 
maximal stimulation and highest when stimulation is 4 times the 
threshold value. T/ms the shortening tendency decreases with in- 
creasing stretch at all strengths of stinmU. 

When determining the static equilibrium length in tetanic contraction 
at different strengths of sthnulation, only a slight change in the shorte- 
ning ability is found n-ith increasing strength of stimuli (in contrast 
to the dynamic experiments just described). When rising strength of 
stimulation causes a tension increase in the ratio 1 : 3, the shortening 
ability varies only 15 per cent at low and 25 per cent at medium degrees 
of stretch. A comparison with changes in equilibrium length at different 
stimuli in dynamic experiments shows that here shortening follow- 
ing maximal stimuli varies twice as much as in the static determi- 
nations. In static experiments, as will be accounted for later, one 
would expect a higher gradation in equilibrium length. Phenomena in 
connection with yielding and locking are probably the cause of this 
higher gradation being masked (see page 72). 


3. Temperature dependence of mechanical reactions. 


The previous experiments concerning the influence of stretch 
and stimulation on the mechanical reactions of the fibre are 
carried out at a temperature of 19'’ C. When analysing the factors 
determining size and course of mechanical reactions, a know- 
ledge of their temperature dependence may help to elucidate 
structural properties. Temperature dependence of tension and stiff- 
ness in the resting fibre is treated in the preceding investigation. 
The present material concerns only determination of dynamic 
stiffness and shortening. 

Stiffness ^ j lo 

T ensio ^ rest. In the range of temperature exammecl (o- 


-25“’) 


the same stiffness and stiffness-tension dependence is found within 
the limits of accuracy. At 25° C there is a sudden increase in 
stiffness corresponding to an irreversible heat contracture. It is 
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temperature. At low elongations (length 120) remains unaltered 
during contraction initiated at 23“ C, at 19“ C it varies shghtly 

S’ 

(Fig. 8 b), and at 6° C the change in during contraction 

F 

is considerable. At moderate and high degrees of stretch 

increases at high temperature about 50 per cent in the initial 
period of contraction. At low temperature it rises suddenly 50 
per cent and stays at this value throughout the contraction. 

The dynamic shortening (Fig. 12, lowest) caused by single con- 
traction varies only slightly with changes in temperature at small 
degrees of stretch. It is, however, worthy of note, that here at low 
temperature there is an increase in equilibrium length in the 
initial phase of contraction. 

At moderate and high degrees of stretch, temperature has a great 
influence on dynamic shortening which shortening is less at low 
than at high temperature. 

To summarise, the experiments on temperature dependence show 
that tension in the resting fibre rises with increasing tempera- 
ture (3 — 25°G, Buchthal et al. 1944) while extra-tension in 
single contraction is only slightly affected. Dynamic stifftiess at 
rest is not influenced by changes in temperature but during 
contraction falling temperature causes an increase in stiffness. 
Dynamic shortening decreases at moderate and high degrees of 
stretch with falling temperature. 

4. Mechanical reactions of the fibre during fatigue and after 
restitution. 

Extra-tension, stifiFness and dynamic shortening are recorded 
during different degrees of fatigue, brought about by inserting 
tetanic contractions of different durations. The example in Fig. 

F 

13 shows extra-tension and — in the non-fatigued fibre (curve I) 

■^O 

while curves II — ^IV give values for the progressive degrees of 
fatigue. The decreasing tension due to fatigue is accompanied 

S' ... . 

by decreasing in the initial phase of the contraction. On the 

n 
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Fig. 13. Extra-tension (t) and F/Fo as function of time at different degrees of 

fatigue. 

I non fatigued fibre. 

II — ^IV progressive degrees of fatigue. 

partial restitution. 

Ordinate: tension in arbitrary units and F/Fo 
Abscissa: time in ms. 


other hand is not affected hy fatigue when extra-tension is 
at its maximum. After a few minutes rest, despite increasing ini- 

F 

tial and maximal tension, lies considerably lower than in the 

■*^0 

fatigued and non-fatigued muscle fibre. Increase in extra-tension 
after partial restitution is thus due to a higher dynamic shorte- 
ning. Dynamic shortening is most considerable in the non-fati- 
gued and recovering fibre, while different degrees of fatigue have 
a lowered and somewhat constant dynamic shortening. 

In previous investigations of gradation in cross striation 

(Btjchthal and Knappeis 1943), a considerable change in 

contraction is foxmd when comparing the fatigued with the non-fati- 
gued fibre. Without fatigue, only in the strongly stretched fibre does 
a change occur in cross striation corresponding to gradation in con- 
traction tension. Lack or presence of gradation in cross striation res- 
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pectivelj, is explained by tbe interaction of contracted and shunting 
substance at rest. At medium degrees of stretch the changes in this 

relation have no measurable influence . The change in cross 


striation caused by fatigue just obsei^’-ed at moderate elongations 
■where contraction tension does not decrease more than during varia- 
tion of stimulation, is not explained by a decrease in the proportion 
between contracted and shunting substance at rest. The only possi- 

bilify left is that the change in caused by fatigue is due to varia- 

A “p 1 


tions in equilibrium length localised iiu the single coniracling elemen ts 
themselves. 


S. The nifluence of frequency of the periodic changes in length 
on the mechanical reactions of the fibre. 


The influence of the measuring frequency for determination 
of stiffness at rest and during tetanic contraction is discussed 
in detail in tlie preceding communication. In connection with 
tlie present work, only a series of observations will be mentio- 
ned where stiffness-tension diagrams at rest and F during rest 
and contraction are recorded at frequencies which exceed 100 
cycles per sec. Stiffness-tension (b see page 41) increases vdth 
increasing frequency. This agrees with the fact that stiffness is 
more dependent on frequency at low than at high initial tensions 
of the fibre. The variations in F caused by single twitches have 
the same course in the frequency range 100 — 200 cycles per sec 
but the maximal change falls with rising frequency. This is in 
accordance with the previous experiments where the difference 
between rest and tetanic contraction decreases with increasing 
measuring frequency. 

6. Extra-tension and stiffness in the initial phase of contraction. 


Throughout the experiments described so far, proportionality 
was found between stiffness and tension at rest and during con- 
traction. The proportionality factor F^ is independent of tension 
and temperature at rest. F has a higher value during contraction 
than when at rest. At the start of contraction F increases very rapid- 
ly within a period where tension develops sloioly, i. e. development 
of stiffness occurs more rapidly than that of tension. 

Fig. 14 shows the initial course of extra-tension, stiffness and 


coefficient 


stiffness 


(F) in single 


contraction. Tension develops 


tension 
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Fig. 14. Initial course of extra-tension (b) stiffness (c) and F (a) daring single 
contraction as function of time (ms). Stimulation at 0. 

The arroTT marks the place where the first mechamcal reaction can be traced. 



^ /O 20 30 ms. 


Fig. 15. Bapid elongation of resting fibre (mean curve of 4 experiments). 

Tension (b) stiffness (c) and F (a) as function of time. 

Ordinate; tension, stiffness and F in arbitrary units. 

Abscissa: time in ms. 

the first 10 — W ms with an evenly rising velocity viz. its course 
is curved, while stiffness increases linearly with a marked inver- 
sion point 1 — 2 ms after stimulation. Therefore, IF first rises 
steeply and attains a maximum in the course of, 12 ms after 
which it decreases and remains constant (above rest value) during 
the main part of contraction. 





TENSION DEVELOPMENT IN SKELETAL MUSCLE. 63 

In order to investigate wiiether the different initial develop- 
ment of stiffness and tension is inherent in the contraction pro- 
cess proper, or whether it is caused by the sudden increase in 
tension, tension and dynamic stiffness in the cuxarised resting 
fibre are recorded during rapid, extension to reproduce as well as 
possible the time course of the tension at the start of the single 
twitch. The curves (Fig. 15) show the characteristic properties 
of the resting fibre. F is constant, independent of the rate of 
tension, and stiffness changes proportionally with tension. The 
difjerence in rate of development of stiffness and tension must, there- 
fore, be regarded as resulting from the contraction process itself. 

The different initial course of the curves is due to 1) the diffe- 
rence in rate of the relative increase in stiffness and tension in 
the single fibre elements at the start of contraction and 2) the 
propagation time. At smaller fibre lengths the curved period of 
tension development decreases and stiffness increases more steeply, 
(transition period shorter). The tension would probably develop 
linearly and stiffness rise instantaneously were the part of the 
fibre so short that propagation time could be ignored. Working 
on this assumption for a single fibre element, we shall construct 
the resulting curves of stiffness and dynamic shortening for a 
total fibre. While the contraction propagates over the fibre, stiff- 
ness suddenly increases strongly in the single fibre elements 
whereafter it decreases gradually to the contraction value proper. 
By supposing that transition from maximal stiffnesss to a more 
or less constant contraction stiffness is about half the propagation 
time we get, for the total fibre, resulting curves of F and djmamic 
shortening as shown in Fig. 16, curves a and b. The supposed 
variations of F and the djmamic shortening for a single fibre ele- 
ment arc seen in curves aj, and bj. The curves constructed for the 
total fibre (n and b) agree with the course of F and dynamic 
shortening found experimentally. 

At a superficial glance the different rate of development for 
stiffness and tension together with a finite rate of propagation 
manifest themselves by a time difference between the start of 
stiffness and tension during contraction. Within a period where 
extra-tension is very slight, often so slight that there is some doubt 
as to whether the latent period is finished or not, a considerable 
change occurs in F, which is inherent in the contraction process 
proper. This disproportionality is also found in the initi«d ^pfaaae 
of tetanic contraction. (Fig. 6). 
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It is of interest to investigate in.how far, factors >i^iien&® 
contraction affect tlie difference in rate of i deyelopiiient of stiff-- 
ness. and tension. ■ 

InflueTKx of stTelcJi. As long as tlie stiffness of minute, structure 
is masked by tbe coarse micellar adjustment as is .the c^sefat 
equilibrium length and lengths below 100 , the. ra^d inotease:m 





■..V 


20 


90 


‘S 9 .4 ■ ■ . 
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60 ms 


V. 

Fig. 16. F/Fo (a) , and shortening (b) at start of contraction for one fibre .plement; 
(a, and bj and for the total fibre (a and b). . . 

Ordinate: F/Fo and shortening (//length) in arbitrary units. . . -I V ' '14 

Abscissa; time in ms. '■ 

stiffness cannot bo obsorvorl, oven if it is presumed to bo; pircsenfll 
At small or medium degroc.s of stretch conditions arc present for. 
the reflection of minute structure in the resulting stiffness and 
the difference in rate of (hn’olopmcnt .becomes marked. The diffe- 
rence disapjiears again with high degrees of stretch, because the , 
original stiffness is large and the effect of the increase in stiff-, 
nCss in the initial plia.se of contraction becomes of less iihportuncc. 

, .The rate in stiffne.ss and tension development i.s affected not 
only ;by,. the degree of stretch but. also by. the- Qf/seZu/e lengfh of 
tJik: fibre. ox stiffness as well as tension the rate. in development 
increases with decreasing length as the propagation time is shortened 
and'theltimc course of the curves approaches tliat supposed, for 
the siheie- fibreUelement.’ : ■■ ■ , .• ■ . 
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A variation of tlie strength of slimnlution likewise effects a 
change in the mutual relation of rates of development. At 
threshold value determination is difficult because of the small 
size of mechanical reactions in the initial phase of contraction. 
When the stimulus is 1,5—2 times the threshold value, there is 
a greater difference between the rates of development for stiff- 
ness and tension, which decreases with increasing stimulation 
strengths. The structural interpretation of this dependence is dis- 
cussed in a following section (see page 71), An investigation of 
tlie temperature dependence of the rates of development shows a 
change proportional with the latent period which shortens 10 — 12 
per cent per degree rising temperature. 

The following is a short review of observations on the mechanical 
reactions of the fibre found previously and in the present investiga- 
tion, which must be contained in a structural interpretation. 

The basis for an estimation of the mechanical properties is a 
determination of the mutual relation between length, tension and 
stiffness under different experimental conditions. 

Ijcngth-tcmsion diagrams at rest and during isometric con- 
traction are discussed in a former investigation (Buchtiial 1942). 
In connection with an analysis of minute structure we may men- 
tion that an irreversible change in length of the fibre (yielding) 
occurs when contraction tension has reached a certain level, after 
which the fibre is elastically locked in the new length as long as 
contraction la.sts. This fact is revealed by release-length-tension 
diagrams, among others, which during contraction lie appreciably 
lower than the corresponding extension diagrams. 

A proportionality bctuccn stiffness and tension is characteristic 
of the clastic properties of the fibre. The proportionality factor 
increases differently at rest and during contraction when the 
frequency of the periodic changes in length used for measuring 
stiffne.ss is varied. This frequency dependence indicates the pre- 
sence of viscosity in the structure. Its influence is greater during 
i.sometric contraction than at rest and greatest during release 
contraction. 

When measuring contraction stiffness at low frequencies, yiel- 
ding causes irregularities in the otherwise linear dependence 
between stiffness and tension. At these frequencies stiffness-ten- 
sion diagrams have a critical point (maximum). At higher fre- 
quencies contraction-stiffness is proportional with tension and the 

5 — iJi3582. Ada phys. Scandinav. Vol.S. 
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proportionality factor is greater during contraction than at rest. The 
difference between rest and contraction decreases with frequencies 
above 100 cycles per sec. 

The proportionality factor is greatest during tetanic contrac- 
tion initiated at small degrees of stretch and decreases if the con- 
tracting fibre is subjected to higher tension (yielding). Yielding 
is considerable in the first part of a tetanic contraction as is 
seen from the low initial stiffness present despite constant ten- 
sion. At higher degrees of stretch, where contraction extra-tensiori 
disappears (indifference point), extra-stiffness decreases in a cor- 
responding way. In contrast to tetanic contraction the propor- 
tionality factor in single contractions does not decrease evenly 
■with stretch, but has a maximum at moderate elongations. 

When increasing strength of direct stimuli we find an increase 
in tension and stiffness. In connection with this gradation of 
tension and stiffness foUo'wing changes in strength of stimulation, 
it is interesting to note that the proportion between lengths of 

the isotropic and anisotropic substance j j remains constant 

A 

at small and moderate degrees of stretch. Changes in 

only manifest themselves at high degrees of stretch. 

There is a considerable influence of temperature on contrac- 
tion stiffness as the fibre becomes stiffer with falling temperature. 

From tension and stiffness the corresponding dynamic shorte- 
ning is computed, which is highest at small degrees of stretch 
and decreases with increasing stretch and falling temperature. 
When conditions are such that dynamic shortening decreases 
during contraction, it decreases still further with increasing 
strength of stimulation. 

Proportionabty between stiffness and tension is lacking in the 
initial phase of single twitches and tetanic contraction as an increased 
stiffness occurs in this phase which results in a lowered shortening 
ability. The shorter the fibre, the more rapid is the development 
of stiffness and tension (progagation time). 

Minute structural interpretation. 

The contractile elements are regarded as consisting of long 
molecule chains "with an odd number of charge series which are 
found in the resting fibre in a quasi-stationary equilibrium state 
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(Buchthal 3942). VariationK in length arise here as a result of 
angular movements in the single links. This observation is sup- 
ported by the linear course of stiffness-tension diagrams. A change 
in potential at any of these charge points (corresponding to a 
“stimulation quantum”) will cause a chain reaction, so that the 
alteration in charge is transmitted, and when propagated, will 
cause a decrease in distance between the single links. This de- 
crease in distance corresponds to the decrease in equilibrium length 
occurring during contraction. ^^^Jen the length of the total chain 
is kept constant {isometric) the links still at rest will be stretched 
and a mechanical tension will arise. Besides a change in equili- 
brium length we find an incren.se in stiffness due partly to tension 
(1) partly to the contraction process proper (2). 

3) Increase in stiffness due to tension is caused by the orienta- 
tion of the substance — its molecule chains and their single linlcs. 
With increasing tension, length is increased and with it orienta- 
tion which is closely connected to changes in equilibrium length. 
Tlie higher the orientation the greater the force needed to induce 
a further straightening out. This increase in stiffness due to ten- 
sion is a characteristic property of all highly clastic materials 
and h independent of the contraction process as such. 

2) The contraction process itself causes an increase in stiffness 
which, however, at low measuring frequencies is masked by 
'vuelding localised in the contracted elements of the molecule chain. 
This increa.sed stiffness is probably due to larger forces which 
arise when the distance between the single links decreases. 

Looked at superficially these two causes of the change in stiff- 
ness explain most of the experimental observations.Thus increase 
in stiffness during contraction is mainly due to the larger stiff- 
ness of (he contracted links. The higher the original length the 
le.ss ia thi.s increase, as the number of contracted links in the 
.single molecule chain decreases with stretch. The same pheno- 
menon manife.ats itself by a decrease in stiffness when a contracted 
fibre is strongly elongated and thereby a number of tlie contrac- 
ted links are .straightened out to a resting condition (yielding). 
The elongation at rest determines how large a part of the contrac- 
ting chain participates in contraction. At high degrees of stretch 
the distances between the single links become so great that the 
contraction cannot propagate, an extension which corresponds 
to the indifference point of the length-tension diagram. 

In tetanic contraction the transition link betw’een the contracted 
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and resting parts of a chain from which the stimulation quantum 
jumps to a- neighbouring chain, offers possibilitj for an esplana- 
tion of the elastic locking evident in release contractions. When 
releasing during contraction, the mechanical pre-requisites foi 
further propagation of contraction over the resting links are estab- 
lished only when the formerly stretched links have consolidated 
in a shorter length. Until this happens, the stimulation quantum 
will stop at the same transition link and the fibre appears elasti- 
cally locked. The same interpretation is valid for single con- 
tractions but here maximal increase in stiffness is not attained 
at low degrees of stretch, as the extra-tension is insufficient 
to complete the coarse structural adjustment necessary when 
stiffness measured is to express minute structural stiffness. 

Experiments for determining elastic after-effects and de- 
pendence of stiffness on frequency and temperature indicate 
that, besides the purely elastic, a viscous component is found in 
the mechanical system which cannot be explained by assuming 
purely elastic elements during rest and contraction. There are 
two main possibilities which may explain these phenomena. 

1. Intrinsic friction and 2. modifications of the substance caused 
by stretch and tension respectively (changes in linkage). There 
is, of course, a certain amount of friction, but probably this is 
quantitatively of minor importance. Intrinsic friction cannot ex- 
plain in a simple way why viscosity increases with stretch at rest, 
while it decreases during contraction. Furthermore, it cannot ex- 
plain why viscosity varies strongly with temperature during con- 
traction but hardly at all at rest. There is, therefore, reason to 
suppose that, as far as contraction is concerned, the essential 
viscous factors are due to changes in linkage so that in any case 
there are two modifications dependent on stretch.^ Given the 
mechanical conditions for the new modifications a transition 
can only be initiated by accidental effects e. g. warmth move- 
ments (H. H. Weber 1934:, 1941). At higher elongations there 
are linkages (looser or longer) which cause greater equilibrium 
lengths. The fibre elements will, therefore, appear strongly vis- 
cous, as transition from a long modification at high stretch to 
a shorter at low stretch cannot take place instantaneously but 
requires a certain time. With- rapid increase in length, tension will, 

^ For rubber, X-ray speotographic experiments have Bhown the appearance 
of a ne'W modification at higher elongations (R- W. Asstetssen cit. Buohthai* 
1942 ). 
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therefore, fall quicklv only to rise again when the new modifi- 
cation is established causing a shorter equilibrium length and 
higher tension. Thus, a given rapid change in length effects a 
higher tension difference than a slow change. Stiffness is, there- 
fore, dependent on frequency. The difference bcheccn static and dyna- 
mic stiffness is caused by the relation betieccn the rate of changes in 
length and (he rate m'th ichich (he new modifications adjust them- 
selves. 

In a mechanical equivalent the purely elastic stiffness and 
that due to changes in linkage are placed in series (Gasser and 
Hill (192-J), Lewin and Wyman (1927), Buchthal (1942). If 
the latter stiffness is blocked by inhibiting the changes in link- 
ages (low tcmjicraturc or work in a range of stretch where not 
more tlian one linkage state is possible), only purely elastic stiff- 
ness is left. The .sudden increase in stiffness which occurs at 
maximal stimulation during tran.-jition from low to medium de- 
grees of .stretch (Fig. 10 d) may be due to the fact that here there 
is only possibility for one, while at low elongations there are two 
or more modification.s between wliich transition is relatively 
en.sy. 

Hitherto the mechanical properties of the fibre have been de- 
duced from projjcrtie.s of one minut e .structure element (one mole- 
cule thread). For a further understanding of experimental ob- 
servations in connection with propagation of stimulation and 
the reaction of the fibre at different stretch and stimulation, 
it is nccc.«sarv to consider (he mutual interaction of neighbouring 
elements. 

When .stimulation is above threshold at any point of the fibre 
a number of .stimulation quanta incren.sing with increasing strength 
of stimulation arc released, which in turn initiate contraction and 
jump from molecule thread to molecule thread. When contrac- 
tion no longer prop.agates over the chain the stimulation quantum 
jumps to a neighbouring chain. Probably the quanta move at 
random over the fibre, so we can have stimulation quanta moving 
backwards and forwards. This assumption is supported by the 
fact that locally released contractions are transmitted in both 
directions. Furthermore it must be siqiposed that, little by little, 
the stimulation quanta become neutralised. If this were not the 
case, a twitch would become a lasting contraction as the stimula- 
tion quanta would jump backwards and forwards infinitively 
between the molecule threads making them contract. On the other 
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hand contraction propagates over the fibre without decrement 
with regard to both mechanical reaction and microscopic struc- 
ture. The decrease in stimulation quanta fox propagation over 
the total fibre must, therefore, be less than half their number, 
as halving the strength of maximal stimuli gives just noticeable 
changes in mechanical reaction. The rate of relaxation is pro- 
bably dependent on processes during transition from contraction 
to rest as weU as the activity of stimulation quanta still present. 
The maximal tension developed in a single twitch is determined 
by the amount of stimulation quanta released in a given time. 
During tetanic contraction a greater number of chains must be 
brought into simultaneous contraction to produce higher tension 
(3 — 4: times that developed in twitch). 

There is no reason to suppose that release of stimulation quanta 
at the stimulation point requires a measurable time for develop- 
ment and the finite latent period is apparently in contradiction to 
this interpretation. It must, however, be remembered that the 
stimulation quanta released in the moment of stimulation can 
only produce a purely local contraction at the stimulation point, 
an effect so slight that even with highly sensitive recording tech- 
nique, it can only be observed when the contraction has propa- 
gated over the greater part of the fibre. This interpretation is 
supported by experiments comparing latent period in long and 
short fibres. Only with a high measuring sensitivity can we find 
the same short latent period in both. At 19° C about 2.0 ms 
elapse before measurable tension occurs, but there is no reason 
to suppose that tension development does not occur instantaneous- 
ly as does development of local potentials in nerve. The rapidly 
increasing stiffness hkewise indicates that mechanical processes in 
the fibre manifest themselves very soon after the moment of stim- 
ulation and this makes a finite latent period for the directly 
stimulated muscle fibre very problematic. 

From stiffness of the resting and contracting substance and 
gradation in cross striation due to changes in strength of stim- 
ulation at low and high elongations, it follows that contrac- 
tion does not include all molecule threads in a micella, and that 
more or less resting substance shimts the contracting substance, 
all depending on the strength of stimulation. For the degree of 
stretch concerned the minute structure elements have an "all 
nr none” reaction (Buchtfal and Knafpeis 1943). Gradation 
of tension, when strength of stimulation is varied, is brought about 
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hr a gradation of the number of contracting elements. This in- 
teraction of contracting and shunting resting substance causes 
changes intrvisic tension. Thus, apart from a shortening 
tendencr an intrinsic tension arises during contraction, -which 
causes an increase in stiffness independent of the extrinsic 
tension. 

This increase in stiffness mil be especially marked in the milial 
phase of the contraction before a mechanical consolidation beUveen 
contracting and resting substance is established. It is indicated by 
the more rapid development of stiffness compared with, tension. It 
is most marked at medium strength of stimulation and moderate 
elongations. The structural changes arc naturally slight at weak 
stimuli and it is therefore difficult to find any increase in stiff- 
ness. The intrinsic ten.sion is most considerable at medium but 
decreases at maximal stimuli as the amount of shunting resting 
substance diminishes due to stronger contraction. 

According to former conceptions of the mechanical reactions 
of the fibre, the solo cause of contraction was a decrease in equili- 
brium length. It is surprising, therefore, to find that under cer- 
tain conditions the dynamic equilibrium length can even be greater 
during contraction. Although changes in stiffness were knoum to 
occur during contraction, no attempt has been made to explain 
their quantitative influence on mechanical reactions. 

With a given ton.'-'icn an increase in stiffnes.s will cause a lesser 
shortening ability and tension arising from changes in equilib- 
rium length will decrease.^ On the other hand, a decrease in stiff- 
ness will cnu.«c an increased shortening ability and thus the con- 
tribution of the change in equilibrium length to the resulting 
tension is increa.sed. 

Considering tlie changes in stiffne.ss and equilibrium length 
from a structural point of view we may summarise ns follo-vvs: 

1) The stiffness of a chain element is determined by the direc- 
tion and size of the forces holding each other in balance (link- 
ages). 

2) The stiffness in one molecule chain is determined by the stiff- 
ness and degree of orientation in the single link which in. turn 
is dependent on the tension in the chain. 

» From equation y = (e^* — 1) b (13, pg. 48) follows F^^ == log|| -f-lj. When 

tension y is kept constant tho product Fi -will also remain constant i.e. shortening 
ability and stilfness aro in inverse proportion. 
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3) Tlie stiffness in a molecule aggregate is determined by stiff- 
ness in tbe single chains which depends on the resulting extrinsic 
and intrinsic tensions. 

The increase in stiffness caused by intrinsic structural tension 
can be so considerable in tbe initial phase of the contraction that 
it causes a decreased shortening tendency compared with rest as 
it inhibits shortening and thereby the changes in equilibrium 
length during contraction. In static as well as dynamic experi- 
ments contraction equilibrium length changes as function of 
strength of stimulation. AVith an extra-tension variation of 1 : 3 
the dynamic equilibrium length varies about 30—50 per cent. 
These variations are explained by the inhibiting influence of the 
resting substance on shortening which decreases with increasing 
strength of stimulation. AATien applying calculations similar to 
those used in a former investigation (Buchthal and Enappeis 
1943) the variation can also be explained quantitatively. The 
absolute variation in contraction equilibrium length due to dif- 
ferent strengths of stimulation has the same value in static and 
dynamic experiments, but in the former the relative change in 
shortening is considerably less than in the latter. This, however, 
does not necessarily mean an altered influence of intrinsic tension 

st 

under static conditions where . ° ' is about 6. As this is less 

St-rest 

than under dynamic conditions a still higher variation in equihb- 
rium length could be expected. During contraction under static 
conditions, however, a yielding arises whereby the shortening ten- 
dency of the fibre becomes practically the same in a wide range 
of stretch. The shortening tendency and tension of the fibre 
increase with increasing strength of stimulation as the amount 
of shunting resting substance decreases continuously. An increa- 
sing tension will, however, cause a stronger yielding, which op- 
poses or compensates the decrease in equilibrium length. 

Thus, apaH from extrinsic tension, stiffness is caused by pro- 
perties of the links, of the chains and of the mutual interaction of diffe- 
rent chains. During contraction stiffness increases because of 
a) increased stiffness in the contracting links b) intrinsic structural 
tension (inhomogeneous tension distribution) and c) increase in 
the tension itself. 
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Summary. 

The mechanical factors determining tension in contraction of 
the single cross striated muscle fibre are investigated by a con- 
tinuous registration of stiffness and tension at rest and during 
contraction. The method applied is in principle the same as that 
described in the preceding paper and stiffness is determined with 
a measuring frequency of 100 cycles per sec. 

Dynamic stiffness varies proportionally with lc7ision at rest a 7 id 
duriny contraction, the proportionality factor .at the contraction 
maximum being from 30—90 per cent above that of the resting 
fibre. It depends on the initial length and decreases when the 
contracted fibre is .subjected to higher tensions (}uelding). 

From tension, dynamic stiffness and their mutual interdepen- 
dence the dynamic shortening ability can be computed, and the 
influc77cc of stiff7icss a7id equilihriu77i le77gih 07i ie7ision is mvesti- 
galed wtder diffcrc77i co7ulitio7is. 

At all clofigotmis the maximum in stiffness precedes that of 
tension. Changes in dynamic equilibrium length contribute rela- 
tively le.ss to the initial .stage of contraction than to the other 
phases and its influence on the resulting tension decreases with 
increasing stretch. At the beginning of contraction dynamic shorte- 
ning may even attain iw.gativc values, this decrease being the more 
pronounced the higher the strength of stimulation and the degree 
of stretch. 

When hicrcasing the strength of direct sti7md{, tension, stiffness 
and dynamic shortening increase, the latter varying more with 
grading than docs static equilibrium length. 

The contribution of stiffness to tlie resulting contraction ten- 
sion increases considerably with falling te77iperalure while that 
given by dynamic shortening correspondingly decreases. 

The continuoiLsly falling tension during fatigue is accompanied 
by a gradual decrease in .stiffness, while equilibrium length has 
a lowered but rather constant value in different stages of fatigue. 
Increase in extra-tension after partial reslilutW7x is due to a higher 
dynamic shortening, stiffness still being essentially lower than 
in the fatigued and the non-fatigued fibre. The falling contraction 
tension during fatigue is not caused by a decrease in number 
of active elements but is propably due to gradual changes in 
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equilibrium length occurring in the single minute structural ele- 
ments proper. 

Proportionalitj between stiffness and tension is lacking in the 
initial fhase of contraction (10 — 20 ms), and within a period where 
extra-tension is slight, often so slight that it is difficult to decide 
whether tension is present or not, considerable changes occur in 
fiber stiffness which are inherent in the contraction process itself. 

On the basis of the molecular model previously described a 
structural inter'pretation of mechanical factors determining ten- 
sion is attempted. 

Apart from extrinsic tension, stiffness is caused by properties 
of the molecular links and their modifications, by properties of 
the chains and by the mutual interaction of different chains. 
The initial difference in the developing rate of stiffness and tension 
is due to intrinsic tension caused by the interaction of contrac- 
ting and shunting resting elements, before mechanical consolida- 
tion between the elements is established. This increase in stiff- 
ness can be so considerable that it inhibits shortening and causes 
a negative contribution of equilibrium length to the resulting ten- 
sion. 

The present work has been supported by grants from the Michael- 
sen Foundation and the Nordish Insulin Foundation. 
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When tlie cliolincrgic nerve of an organ is stimulated, the 
"tissue acetylcholine’' of this organ changes in some unknown way. 
Pharmacologically active acetylcholine is “liberated” and passes 
over into the perfusion or suspension fluid. Through many in- 
vestigations following Lokwi and Navk.vtil’s discovery of the 
choline esterase and the action of cserinc (1926) we now know a 
great deal about tlie fate of acetylcholine after its liberation, but 
as to the origin of the lilierated acetylcholine our knowledge is 
very scarce. 

According to some authors the liberated acetylcholine is syn- 
thezised from choline, formed by hydrolytic breakdown of phos- 
phatides and acetic acid deriving from the intermediary meta- 
bolism. The possibility of such a synthesis was made probable 
by LE Heux (1921). He studied the pharmacology of a series of 
choline esters and found a special interest in the pyruvic and the 
acetic esters. Both of them were labile and both of them possessed 
a very great activity compared with free choline. On isolated gut 
Le Heux found that addition of acetic acid or pyxuvdc acid 
specifically potentiated the action of added choline. The phenom- 
enon was assumed to indicate that the gut synthetised the more 
active esters from the added choline and the organic acids in ques- 
tion. Later Auderiialden and Paffrath (1926) and Ammon and 
Hwtatowski (1934) were able to show the synthesis of ach in 

* A preliminary communication on these experiments has been published in 
Kungl. Pyaiograf. Sfillsk. Forh. 1939, 0, nr 15. 
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enzymic systems. It was however necessary to use very large 
amounts of choline and acetic acid, and the yield of acetylcholine 
was only 1 — 2 pro mille of the theoretical value. Of late years 
the study of biological synthesis of acetylcholine has been for- 
warded chiefly by Stedman and Stedman and by Quastel and 
his collaborators. Studying the acetylcholine content of brain, 
Stedman and Stedman (1936, 1937) found that the yield of 
acetylcholine was considerably greater after the brain substance 
had been incubated at 37° G for some hours. Greater amounts of 
acetylcholine were also found after addition of chloroform. Quas- 
tel and his collaborators (1938, 1939) confirmed these findings. 
They also showed that the formation of extra acetylcholine was 
influenced by certain conditions. It was favoured by the presence 
of oxygen, and by the presence of glucose or certain intermediary 
products of carbohydrate metabolism. The formation of extra 
acetylcholine was assumed to be due to a synthesis. In these ex- 
periments it is, however, not possible to decide to what degree 
the formation of acetylcholine is due to a synthesis or to a break- 
down of combined acetylcholine. The effect of oxygen, glucose etc. 
in the enzymic experiments of Quastel and co-workers and in 
experiments on perfused ganglion by McIntosh (1937) and 
Kahlson and McIntosh (1937) strongly indicates that at least 
part of the acetylcholine formed is due to a synthesis. 

Quastel and his collaborators also made another important 
observation (1938, 1939). MTien brain substance was exposed to 
certain agents the amount of pharmacologically active acetyl- 
choline increased. The same finding had been made on other 
organs by some French authors (Gautrelet, Corteggiani, 
BIaswin and Mentzer, 1936; Corteggiani, 1937; Kahanb and 
Levy, 1936). This extra acetylcholine was assumed to be released 
from an inactive complex by the agents used (heat, acids, chloro- 
form, acetone, alcohol). According to Quastel et ah the complex 
compound should consist of free acetylcholine and a protein mole- 
cule, which was supposed to be the ferment synthezising acetyl- 
choline. The physiological role of the complex was only that of an 
intermediary stage at the synthesis of acetylcholine from choline 
and acetic acid. As to the co-ordination between nerve trans- 
mission and the biochemical processes, a synthesis of active ace- 
tylcholine via the complex compound of Quastel was supposed 
to occur at the very moment of excitation, {vide v. Muralt, 1939, 
Brock, Druckrei, and Herken, 1939). 
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Otter authors are not inclined to accept the proposed complex 
compound. Stedman and Stedman (1939) are of opinion that the 
formation of extra acetylcholine upon treatment of organs with 
various agents is due to a synthesis and not to a breakdown of a 
complex. They point out, however, that “the properties ascribed 
... to their hypothetical complex are of such a nature that it is 
impossible directly to disprove its exsistence”. Trethewie (1938, 
1939) also denies the presence of a complex. He stresses the fact 
that all experiments assumed to show the presence of a complex 
are made on whole organs or rough extracts containing cells. In 
his own experiments Trethewie found a release of extra acetyl- 
choline upon heating only in cell-holding extracts; if the extracts 
were centrifugated before exposure to heat etc. no acetylcholine 
appeared. Trethewie concluded that the acetylcholine which 
appears when cell-holding material is heated does not derive from 
a complex but is ordinary acetylcholine which is protected from 
being extracted by the cell membranes as long as these are not 
destroyed by heat or chemicals. 

Thus all authors seem to agree that acetylcholine is present in 
tissues and that this acetylcholine is. synthetixed from choline 
and aceric acid. Some authors have proposed the existence of a 
complex acetylcholine which should be an intermediary stage at 
the synthesis. We have looked upon this problem from a more 
pharmacological point of view and have come to the working 
hypothesis that active acetylcholine does not exist in resting 
tissues; all acetylcholine — not only a minor part of it — must be 
present as an inactive complex compound. 

IVhen acetylcholine is extracted and determined according to 
the methods hitherto used, the concentrations found in most 
organs amount to less than 1 y (microgram) per gram of tissue 
weight. These amounts, however small in absolute figures, are 
surprisingly large considering the pharmacological activity of 
acetylcholine. In hearts the concentration of acetylcholine is found 
to be 0.1 — 0.3 y per gram of tissue {vide Gaddum, 1936) but ac- 
cording to Beznak (1934) 10"® y acetylcholine in 0.5 ml suspension 
fluid is enough to give a marked effect on the majority of 1000 
frogs’ hearts. As to ganglion. Brown (1937) points out that the 
amount of free acetylcholine which can be extracted according to 
the usual methods is about 1000 times larger than the dosis which 
is sufficient to give an effect w'hen administered by the close 
arterial method”. In other organs there have also been found 
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amounts of active acetylclioline whicli are considerably larger tban 
tbe minimum effective concentration. This phenomenon may be 
explained in three -ways: 

1) in resting organs the pharmacological action of tissue acetyl- 
choline is counterbalanced by an antagonistic mechanism, 

2) within the cells the storage of tissue acetylcholine is 

microtopographically — placed beyond the immediate 
neighbourhood of the receptors on which the acetylcholine 
molecules are supposed to act, 

3) no free acetylcholine is present in resting organs. The acetyl- 
choline found in extracts from resting organs is formed by a 
breakdown of a labile complex compound that is void of the 
pharmacological actions of free acetylcholine. 

By assuming that tissue acetylcholine has other properties than 
free acetylcholine and changes into free acetylcholine upon sti- 
mulation or exposure to certain agents we may reasonably explain 
some phenomena earlier described jn the literature. Thus we know 
from the studies of Dale and Dudley (1929) and Chang and 
Gaddum (1933) on acetylcholine in horse spleen that the tissue 
acetylcholine must be present in a state that is not attacked by 
the esterase until after the organ is mechanically injured. To 
judge from the pharmacological action of eserine tissue acetyl- 
choline is converted into an esterase labile state also after stimu- 
lation of cholinergic nerves. The tissue acetylcholine also differs 
from free acetylcholine in diffusibility. While added acetylcholine 
— to judge from its pharmacological actions — • rapidly diffuses 
into an organ and is rapidly washed out, the tissue acetylcholine 
does not pass over into the perfusion fluid until the organ is stim- 
ulated. Mechanical injmry is said to augment the amount of acetyl- 
choline in the perfusion fluid (Loreente de No, 1938). These 
phenomena cannot be reasonably explained by alternative 1 or 2. 

The discussion leads us to the working hypothesis that all ace- 
tylcholine in resting organs is present as an integral part of a 
complex which liberates active acetylcholine after stimulation, 
injury etc. If this theory holds true, the acetylcholine hitherto 
found with biological or chemical methods most probably derives 
from this complex, which is broken down during the course of 
analysis. From this working hypothesis follows the conclusion 
that the different methods used must have that quality in common 
which is the chemical condition for the splitting of the complex. 
This common feature seems to be the use of acid extraction fluids. 
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Most , investigators emphasize the necessity of using acid ex- 
traction fluids to get the largest yield of acetylcholine from an 
organ. A 10 per cent trichloracetic acid is most commonly used. 
Kapfhammer and co-workers used 5 per cent metaphosphoric 
acid (1931). Engelhaedt (1930) used n/10 HClin 95 per cent ethyl 
alcohol. Several authors have, however, used eserinized salt solu- 
tion for extraction. Chang and Gaddum (1933) have thoroughly 
studied and compared the different methods. With HCl-alcohol 
for the extraction they found considerably smaller amounts of 
acetylcholine than with trichloracetic acid; with eserinized salt 
solution the yield was even smaller. It was believed that the more 
acid extraction fluid prevented hydrolysis of acetylcholine; 
Engelhaedt’s HCl-alcohol mixture was not acid enough to pre- 
vent hydrolysis. This explanation is, however, contradicted by 
the fact that the stability of acetylcholine has its maximum at 
pH 3.9 (Hofmann, 1934). On the alkaline as well as the acid side 
of this point the rate of hydrolysis increases {vide fig. 1). If 2 ml 
extraction fluid is used to every gram of tissue (“Muskelbrei”) — 
the most common proportion — the acidity of the trichloracetic 
acid extract was found to be stronger than pH 1, the HCl-alcohol 
extract had a pH of 4 — 5, and the pH of the Einger solution 
extract was 6 — 7. With regard to the stability of acetylcholine 
trichloracetic acid should be inferior to HCl-alcohol. It is necessary 
to look for another explanation of the fact that the yield of acetyl- 
choline is greater when more acid extraction fluids are used. One 
possible explanation is that the very acid reaction caused by tri- 
chloracetic acid accelerates the liberation of free acetylcholine 
from the assumed complex. This view is further supported by the 
findings of Baesoum (1935), who studied the efficacy of various 
extraction methods. He found greater amounts of acetylcholine 
with trichloracetic acid than with alcohol. Bart of the “loss” in the 
alcohol extract was refound if the extract was treated with tri- 
chloracetic acid. 

To support this discussion various organs were extracted with a 
fluid that gives a sUghtly acid reaction, i. e. 96 per cent ethyl 
alcohol cooled with solid carbon dioxide. As the breakdown of the 
eventual complex eould be supposed to be accelerated by heat or 
by enzymes, the analysis were made on organs frozen with liquid 
air, solid carbon dioxide, or a mixture of ether and solid carbon 
dioxide. As far as possible all operations were made at low tem- 
peratures. The cell-free extracts obtained contained no free ace- 
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tylclioline although added acetylcholine was quantitatiyelyf^ 
found. If the extracts were acidified and heated/ amount'; 
acetylcholine appeared which were of the same order # nia^itu|ie 
as those found with the method of Chang and Gadd'u&?:' ^ 



Fig. 1. (Rate of hydrolysia of acetylcholine aV’varying;^ 

acidity). ■ . , / ■ v/. -'v 

In the experiments represented by the upper curve the conoentratibnjof aoetyl-l 
choline chloride was 1:1,000,000, in those represented by ^the. lower j-.carrev^ 
1 : 200,000. Portiona of these solutions were acidified througli ‘ad^tiott'pfeHCHV 
under the control of a glass electrode apparatus, transferreito rgl^ bombs and -’ 
heated on boiling water bath. After a measured period of time the glass' bombs 
were cooled, their contents were neutralized and the rernriiraing (luiounls of iicetyl- . 
choline were determined on eseiinized m. rectus, of frog. 

As we have found that the formula of monemolecular rniictions can be applied 
on the hydrolysis of acetylcholine (Abdon and UvkAs,' 1937), the rate of hydroly^.^ 



Most experiments wSre 'made >6mrahhit’sIieaiTO;^^orfS& we 


used S-^-heartsi each weighing abmit' 1- gramTrihf.'ThhhiiiiUa^ was sliht 
thtpugh the head,' and’ tJu! heart was cut out. d'lio blood was rapidly 
:wasbed off and’tbhstilldicating heart wiis- embedded in carbon dioxide 
sndWrOr thro\m>m^ or a-inixture of etlior arid .solid .carbon 
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dioxide. The tissues were kept in Dewar flasks with solid carbon dioxide 
until worked up. As we must assume the presence of an enzymic mechan- 
ism for the breakdown of the complex all operations were made at tem- 
peratures below zero until the protein was denaturated. 

The frozen organs were pressed to thin disks and then placed in a 
mortar containing 96 per cent ethyl alcohol. To every gram of tissue 
we used 2 ml of alcohol. The mortar and the alcohol had previously 
been cooled to about — 15“ C. At this low temperature the disks sof- 
tened in the alcohol so that it was possible to cut them into fine pieces 
with a pair of scissors and to grind them with quartz sand. The tempera- 
ture was then allowed to rise to about 0° C and the mixture was stirred 
for 5 minutes. The extract was filtered through sintered glass filters wth 
the aid of a suction pump. The residue was washed twice with 96 per 
cent alcohol, which was added to the e.xtract. The extract was centri- 
fugated 15 minutes at a rate of 3500 r. per minute. Such an extract is 
cell-free. 

The extract has a slightly acid reaction. This is, however, caused 
by the carbonic acid which disappears during the following operations. 
The pH was therefore adjusted to 4.5 — 6 with HCl (measured vuth 
‘'L 3 'phan paper”). The alcoholic extract was evaporated to about 1 ml 
at 30“ C and at reduced pressure. As pointed out by Eoman (1930), 
choline and its salts are volatile to a certain degree. The same thing seems 
to be the case with acetylcholine. "When acetylcholine solutions are 
evaporated to absolute dr)mess the losses are considerable especially 
if the amounts of acetylcholine are very small. If they are evaporated 
to 0.5 or 1 ml. residue "the losses are negligible. 

To lessen the amount of disturbing impurities the residue was mix- 
tured with its 20-fold amount of absolute ethyl alcohol insoluble matters 
were removed by centrifugation. It is often stated in the literature that 
the primary alcoholic extract of an organ (1 vol. tissue-f-2 vol. alcohol) 
should not contain any potassium salts. Potassium disturbs the biolo- 
gical assaj’- of acetylcholine especially on leech preparations. Potassium 
is insoluble in 90 — 100 p.c. alcohol, but the water from the organs 
dilutes the e.xtraction fluid to such an extent that practically all po- 
tassium of the organ is extracted. Therefore this re-dissolving in absolute 
alcohol was introduced. — The secondary alcoholic solution was diluted 
with about 40 per cent of water and evaporated in vacuo to about 1 ml. 
The addition of water was introduced when we found that acetyl- 
choline disappears if a solution of it in 75 — 99.5 per cent alcohol is 
concentrated in vacuo. Possibly the alcohol is esterified by the acetyl 
radical (vide Foueneau, 1914). 

The residue was washed twice with large amounts of ether. The ether 
was drawn off with a suction pump. The residue was rid of remaining 
ether by evaporation in vacuo. It was then dissolved in Ringer solution. 
The acidity was adjusted to pH 6.9. 

The amounts of acetylcholine were determined by biological assay. 
As a rule we used m. recius abdominis suspended in 2 ml Ringer solution 
with eserine sulphate 1:200,000. The addition of 0.02 — 0.05 y was 
usually enough to produce a proper shortening of the muscle. 

6 H3582. Acta pht/s. Scandinav. Vol. 8. 
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Results. 


An, extract of resting organs, prepared according to . tliVniethod 
above, did not as a rule contain measurable amounts .'of &ee ace- 
tylcboline. In some few experiments we found small amounts -bf 
free acetylcholine, 6 — 10 per cent of those amounts," which 'are 
found with the usual methods. If the extracts were acidified ahd, 
heated, large amounts of free acetylcholine appeared. It could be ■ 
shown that this formation of acetylcholine was due to -breakdown 
of a labile complex. We call this complex acetylcholine pfecursof.' 


a. Detection of a Labile AcetyloboHne Complex. 


Experiment 1 (acetylcholine precursor in r ,a bf^ 
b i t s’ h e a r t s). ‘ ’ 'It';''.' 

,j T • ' ^ * 't'l 

5 rabbits’ hearts, weighing 2i.5 grammes, were extracted with alcoholi 
according to the description above. The primary alcoholic extract' was : 
divided into 2 equal portions. One portion, called A-portion, was treated, 
in full accordance with the description above. The other portion called', 
B, was acidified with HGl until the concentration was 0.oi;ir and then/ 
heated to 80° C for 15 minutes. It was then cooled and the acidity' was ; 
adjusted to pH 4.5 — 6. After that the B-portion was treated in accord-i l 
ance with and simultaneously with the A-portion. /. 


Titration on eserinized leech preparations gave -the' following i 
values: ' "T. 

A: no acetylcholine (i.e. less than 0.006 y achCl per'gfam'/of^ 
tissue). , ^ 

B: 0.21 y achCl per gram of tissue. 


Si) 'U 


So far the experiment shows that though the heating- of -.thS- 


acidified alcoholic extract there has been formed a sub.stfincc wliich 
caused the eserinized leech muscle to-.«!hbrten. T’he prccursor.oftihe 
active substance is, however, present also in the A-portion; it has 
not been destroyed or lo.sl at the operations made* viz. eVapora- . 
tions, re-dissolving in ahsohite alcohol, washings .with etlier and 
the/ final ; ^solving in Ringer solution. When the non-actiyo. 
A-portion* was acidified and heated, the active substance appeared 
in' amounts which were of the same order of niagnitiidc as in the; 
B-portioh)’i.e.'0.1S5 y acetylcholine pei: gram of tissue." 
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Ex'pcTwiBnt 2 (flcetylcholiue precursor in 
striped muscles of frog). 

4 big ranae esculentae were anaesthetized -with ether. Mm gastroc- 
nemii were cut out and embedded in carbon dioxide snow. The weight 
of 8 muscles was 9.25 grammes. The A and B portions were prepared as 
in experiment 1. Titration on eserinized leech muscle gave the following 
values: 

A: no acetylcholine (i.e. less than 0.01 y achCl per gram of 
tissue). 

B: 0.13 y achCl per gram of tissue. 

Experiment 3 (acetylcholine precursor in rab- 
bi t’s b r a i n). 

A rabbit weighing 2.0 kilos, was anaesthetized with 3 grammes of 
ethylurethan given intravenously, and ether. The skull was trephined 
bilaterally. Preliminarily a thin bridge of bone was left in the median 
line to avoid injury of smus longitudinalis. Great care was taken not 
to injure the brain or its vessels. When the whole brain had been laid 
bare the persisting bone bridge was rapidly cut off; the brain was lifted 
out on a spatula and thrown into liquid air. The performance of these 
last mentioned operations lasted less than 3 seconds. 

Only the cerebral hemispheres, weighing 2.90 grammes, were used for 
the analysis. The A-portions was prepared as in experiment 1, and 
tested on eserinized mm recti abdominis of frog. A part of the A-portion 
was acidified with HCl to pH 5.5 under the control of a glass electrode 
apparatus, and then it was heated to 100° during 45 minutes. After 
being cooled and neutralized, it was tested on m. rectus of frog. 

Before heating: 0.08 y achCl per gram of tissue. 

After heating; 0.48 y achCl per gram of tissue. 

Experiment i (Identification of the active sub- 
stance formed). 

In experiments 1 — 3 we found that extracts of slightly acid 
reaction prepared in cold contained practically no free acetyl- 
choline. When the extracts were acidified and heated, an active 
substance was formed. Using the usual pharmacological tests we 
identified this substance as acetylcholine. 

The extracts used for identification were prepared from frog’s 
striped muscles. The extract was prepared and purified as described 
above and finally dissolved in Ringer, solution. This, is the A- 
portion. A part of the A-portion was acidified to pH 6. 5 and heated 
to 80° C for 45 minutes. All experiments for identification were 
made on this extract. 
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The substance formed was found to have the':i611()^pprt>^||j^ 
ties: . ■ :v 


'' .^V ^ 


1. It had no effect on the non-eserinized leech musclej rbut caii^cd- ' 

shortening after addition of eserine (fig. 2), - • . ' v : 

2. It causes shortening of the eserinized m. rectus abdomiuisihf j&off l. 

(fig. 3: 3). ^ ■ ' - ' 

3. On the frog’s heart it produces negative inotropic and chrbjioiiomc 

effects, which were abolished by atropine. • . - 



Fig. 2 (Identification of the active substan c e f d r.m e ^ 

experiment 4). ..-i.' 

Dorsal muscle of leech suspended in 2 ml Ringer solutioif Bet'veeh'.additibhsi'i;' 
2 and 3 the muscle strip was treated with eserine sulphate 1 : 200,000 for 60 minutes/ 
At 1 and 3 addition of 0.0 1 of acetylcholine chloride; at 2 and 4 addition of eartrabti;'-]:' 
corresponding to 0.1 gram of tissue. 





Kg. 3 (Identification of the activ’e'BU’Vst'ah'oe joxmyu,;om 

-■ experiment 

M. rectus abdominis of B; temporaria‘8u^ehded in?2 i^pf Ringer solution with 
eserine sulphate 1: 200,000. 
the kymographion was arrest 

At l and 6 additiort of 0.(1. , - - - - . 

^extract c6iTespohdihg,io 0-i> gram of t^suc before liberation of the .adtiye;-|pP': 




'At 7 “heated A-i)ortion” (ixposed to 100" C after addition of NaOJI. At S “heiiicd 
"A-portiori” exposed to 100” C after addition of ilCMo pll 5. 


IS AKY FREE ACETFLCHOLIYE PREFORMED IN RESTING MUSCLES? 85 

4. It looses its activity after being heated in alkaline solution (1 drop 
of 2-11 HaOH to 2 ml extract, heated for 2 minutes, cooled, neu- 
tralized and tested, fig. 3: 7). It is relatively stable when heated 
in acid solution (after addition of HCl to pH 5.o imder the control 
of a glass electrode apparatus, the extract was heated to 100° 0 
for 10 minutes, cooled, neutralized and tested), fig. 3: 8. 

6. If the extract is mixed with human blood serum, its avticity is 
rapidly lost (fig. 3; 4) but not if the blood serum had previously 
been treated with eserine sulphate 1 : 100,000 (fig. 3: 5). 

(To 3 ml extract of pH 6.9 0.5 ml blood serum was added. After 
5 minutes the protein was precipitated with trichloracetic acid and 
filtered away. The excess of trichloracetic acid was removed 
through repeated washings with ether. The extract was freed from 
ether through evaporation, neutralized and tested.) 

6. The titration of the extract on m. rectus of frog, on eserinized 
leech muscle and on frog’s heart gave the follo\ving values res- 
pectively: 0 . 090 , 0 . 084 , and O.oog y per gram of tissue. The propor- 
tion between muscarinelike and nicotinelike activity was thus 
found to be the same for acetylcholine as for the active substance 
to be identified. 

As pointed out by Gaddum (1936, pag. 68) acetylcholine is 
the only loiown substance tliat complies with these tests. 


Source of the Acetyloliolme Liberated by Heat and Acids. 

In the alcoholic extracts from resting organs little or no free 
acetylcholine is found, but at treatment with heat and acids an 
active substance is formed which has been identified as acetyl- 
choline. As to the source of this acetylcholine the following 
possibilities can be discussed: 

1. the liberated acetylcholine is preformed in the organs but is 
held within undamaged cell membranes. Therefore no phar- 
macological activity is developed when the extract is tested. 
Acids and heat desintegrate the cell membranes and the 
preformed acetylcholine is liberated. This theory has been 
forwarded by Trethewie (1938). 

2. The tissue acetylcholine may be present as an adsorbate to 
proteins, and is Kberated when the protein is denaturated by 
heat and acids, (vide Quastel and co-workers, 1939). Kaff- 
hammer and co-workers (1931) also came to the opinion 
that part of the tissue acetylcholine is adsorbed to protein. 
TT-f.ttu (1939) found that adition of protein to the perfusion 
fluid lessened the sensitiveness of isolated hearts to acetyl- 
choline. He concluded that protein adsorbed acetylcholine. 
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3. the acetylcholine formed is synthetized 

acetic acid. ' 

4. the acetylcholine is liberated from a labile compHxf'r. ‘ 


In the earlier experiments on "precursor” the formatibh bf S 
has only been shown in cell-holding extracts or in wholeiof^aiiS 
(vide pag 77). In the experiments reported above, wehavbshown; 
this formation of acetylcholine in an extract that was’ficee 'Mm 
ceUs. Alternative 1 is thus contradicted and thereby; Also thi 
objections, which Trethewie has raised against the experiments 
of Quastel et al. 

Alternative 2 is contradicted by the experiments\6-hhd '6.^^ 
shown by experiment 5, the sulphosalicylic acid test'forfptoleiM 
was negative in an extract, which contained no free acetylcholine 
but formed 4.6 y acetylcholiue chloride per ml after being acidifilci' 
and heated. The sulphosalicylic acid test is positivn'wEfen;;lhe' 
protein concentration amounts to more than I ; 200,bo6. . The’ 
extract used in experiment 5 must have contained less , than 
protein per mi. If the molecular weight of protein.is calculiaffed 
as 30,000, this means that the extract has contained leiss thaii-one' 
molecule of protein per 100 molecules of "boimdV, acetylchplme/ 

The alternative 2 is also contradicted by the fact, that liberation 
of acetylcholine also may be demonstrated in extracts^ deprqtete 
ized with trichloracetic acid. If a trichloracetic acid 'e^ract ia 
prepared in full accordance with the description of CHAiiaVand 
Gaddum (1933), almost all "tissue acetylchobne” is found-as ffeej’ 
active acetylcholine. If, however, the extract is pfeparedimth' 
the same precautions — ■ as far as possible — which we have-used 


for the extraction with alcohol, and if the excess, of trichloracetic; 
acid is removed as rapidly as possible, the extract contains almost; 
no active acetylcholine; after acidifying and heating';'hbCut>th^^^ 
same amount of acetylcholine appears. asiearUer'fqTmddnttl^^^ 
cohol extracts (m'de experiment 6).! ' >!= ; ■ ■ V 

Alternatives 3 and4 remain'for;discussibHi:d[8;thc formation of 
active acetylcholine in' our exacts ;’d.uC(tqi;af si^^ 
breakdown' of .adiibilc complex? An enzymic- synthesis docs hot 
seem to be veryoprobable. The extracts arc, as shown by experi- 
ments- 6: ahd,t6y:;free fronr colls and protein; Also the non-onzymic 
formatidn .bf acei-ylcholin«bfrojh choline and' acetic acid seems to 


befimpossibleSWJien choline is. boiled. wi tlx acetic acid; no acetyl- 
choline ^:fbHaed&!MAOT|u^':iW86?rapp(OTt^^ 
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acetylclioline forming fraction of our inactive extracts ma)- be 
separated from choline, acetid acid and preformed acetylcholine. 
These last mentioned substances are readily soluble in acetone 
and caimot be precipitated vrith barium salts. When, however, 
the inactive extract is treated with acetone or with soluble barium 
salts a precipitate is formed, which contains no acetylcholine but 
liberates acetylcholine when treated with heat and acids (experi- 
ment 7). 

The liberation of acetylcholine is therefore most probably due 
to the breakdown of a complex. As we know nothing about its 
chemical constitution we call it acetylcholine precursor. 


Experiment 0. 

10 rabbits’ hearts, weighing 96 grammes, were extracted with 250 ml 
96 per cent alcohol as described above. The extract was evaporated in 
vacuo to about 1 ml; redis.soIved in alcohol, centrifugated and again 
evaporated in vacuo to O.fl ml. The remainder was dissolved in 5 ml 
Ringer solution and insoluble matters were removed by centrifugation. 
On part of the solution the sulphosalicylic acid test was made with 
negative results. After neutralization, part of the solution was tested for 
free acetylcholine on oserinizod «j. rectus abdominis of frog. Another 
part Avas acidified to pH 5.5 and heated to 80° for 45 minutes. After 
neutralization it was tested for acetylcholine. 

free acetylcholine =0.14 y per ml =0.007 per gram of tissue, 

precursor acetylcholine =4.6 y per ml =0.24 y per gram of 
tissue. 

Experiment G. 

4 rabbits’ hearts, weighing 23.5 grammes and frozen with solid carbon 
dioxide and ether immediately after the animals had been shot, were 
pressed to thin disks and placed in a cooled mortar containing 50 ml 20 
p.c. trichloracetic acid, which was partly frozen. The disks were cut 
into fine pieces and ground with quartz sand. Insoluble matters were 
removed by filtration and Avashed twice with 4 p.c, tricbloracetic acid. 
The filtrate was made just neutral to kongo paper and then washed 
with large amounts of ether until it became neutral to litmus. 5 drops 
of 2-17 acetic acid Avas added and the solution was evaporated to about 
2 ml at 30° C and at reduced pressure. Ringer solution was added to 
rbake 10 ml. The extract was tested for free acetylcholine on m. rectus 
of frog. Then it was acidified to pH 5. 5 and heated to 80° C for 45 minutes 
and tested for acetylcholine. 

free acetylcholine = 0.028 y achCl per gram of tissue. 

precursor acetylcholine =0.17 y » » » » » 
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Some Observations on the Chemical Properties 
of the Preoursor. 


Solubility: The method for the determination of the precursor, 
described on page 80, includes extraction with 96 p.'c. alcohol 
(i.e. in reality alcohol diluted with water from the organs), re- 
dissolving in absolute alcohol, washings with ether and. finally 
dissolving in water or Ringer solution. We have controlled that 
no precursor is lost at the re-dissolving in 99,6 per cent alcohol or 
at the washings with ether. We may therefore conclude’ that the 
precursor — ■ like free acetylcholine and free choline — is soluble 
in water, absolute alcohol and mixtures of water and-alcohoh-but 
insoluble in ether. We also found the precursor to be insoluble in 
petrol ether. Contrary to free acetylcholine - and free choline 
the precursor is insoluble in acetone; a water solution of the 
precursor may be precipitated with acetone, {vide experiment’ 7). 
Acetone is thus a medium which can be used to separate the pre- 
cursor from acetylcholine and choline. We also found that^the. 
precursor can be precipitated from a watery or alcoholic solution; 
with soluble barium salts. Precipitation occurs at pH 4:5 as well 
as at pH 7. ‘ ■ 


Experiment 7. 

5 rabbits’ hearts were extracted with 96 p.c. alcohol acc'ording.tb'the 
method described above. This primary extract was divided into 2 equal 
portions. The first portion was treated in full accordance with the de- 
scription on page 81 and its contents of free r.' ;: i cJi’!'- r.’'f} r-mr.'or ' 
were titrated on eserioized m. rectus of frog. ’Iv) II wn-: f.iiii 'i 

free acetylcholine in an amount rf"^'‘'’poT>diT!:' o.-.m- v ficiq’i :■ t iv."' 

of tissue. The extract was evapora:- <1 a-- i!-:::!: .■..!(! i i;i r.'i-, 

alcohol. This was transferred to a centrifuge -.vi-'. e o: 

about 100 ml. Water was added and the* .solution was evaporated to 
1 — 2 ml at 30° C. rr:'! a' r-'’d'.ief'd nre.-onre Tlinn 80 ml waterfree ficelone 
were added.. A wi i-. p;-. ■ )■.!)!!■■. red, which was cenirifugated-j 

15 minutes at 3500 r./inin. The acetone was poured into an evaporation 
vessel; 6 ml water and 2 drop.s of 2-N acetic acid .were added and the , 
acetone was evaporated at 30° C and at reduced jjresHurc until only the 
added water. was left. ’Jiie watery .«:olution was eonrrifugated, neutralized 
and tested for free acetylcholine and procur.'sor. 

The acetone precipitate was dissolved in 5 ml Ringer solution and 
its contents’/of free acetylcholine and precursor were determined on 
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Portion I 

free acetylch.oliji.e = 0 (= less tlian 0. 01 y per gram of tissue) 
precursor =0.19 y per gram of tissue 

Fortiori II 

a) acetone soluble 

free acetylcboline =0.21 y per gram of tissue = added 

amount 

precursor = 0 

b) acetone precipitate 
free acetylcholine = 0 

precmsor =0.17 y per gram of tissue. 



' z s i- r t. 


Fig. 4. (Stability of the precursor). 

Fig. 4 shows the formation of acetylcholine from the precursor and the following 
hydrolysis of the formed acetylcholine, which results when a precursor holding 
extract is heated after addition of HCl. 

The extract was prepared as described for the “A-portion” in experiment 2. 
It was then acidified to pH 5.5 under the control of a glass electrode apparatus and 
put on a boiling water bath. After varying periods (0, 5, 10, 15, 30 and 45 minutes) 
corresponding to points 1, 2, 3, 4, 5, and 6 respectively, samples were dra-ivn, cooled, 
neutralized and their contents of free acetylcholine were tested on an eserinized 
m. rectus abdominis of frog. In the experiment represented above the same amount 
of extract was added. Between every addition the kymographion was arrested for 
10 minutes. 


Stability. 

As Tve have learnt from the experiments above, the precmsor 
is a very labile substance. The breakdown of the precursor is a 
more rapid process than even the hydrolysis of the liberated ace- 
tylcholine in choline and acetic acid — ■ otherwise the amount of 
free acetylcholine would not have increased. On the other hand the 
lability of free acetylcholine is so great that a loss through hydro- 
lysis is inetitable when the extract is acidified and heated in order 
to liberate acetylcholine from the precursor. This is illustrated by 
figures 4 and 5. In the experiment represented by fig. 4 a precursor- 
holding extract was acidified and heated, and the concentration 
of free acetylcholine determined at varying intervals. As seen 
from the fig., the first samples show a rapid increase of free acetyl- 
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clioline. Tn. this stage the formation, of acetylcholine from the 
precursor is greater than the loss through hydrolysis. Later .the 
apparent acetylcholine formation comes to a standstill, and if the 
solution is heated any longer, the acetylcholine concentration 
decreases. The same esperimental findings axe seen in fig. 5. 

It is quite evident that the maximal value of free acetylcholine - 
found at these experiments is lower than the amount pf""bound” 

0.75 

0.6 

0.26 

20 40 60 80 20 40 60 80 




20 40 60 80 20 40 60 80 


Fig. 5 shows the formation of aoetylchob’ne from the precursor and the following 
hydrolysis of the acetylcholine formed, when a preoifrsor holding extract is heated 
at varying addity, 

y = amount of acetylcholine found expressed as y of acetylcholine chloride per 
ml of extract, x = period of hydrolysis in minutes. 

The extract was prepared from rabbits’ hearts f.* ■ ■’ ‘ 

ance with the “A-portion” in experiment 2. Free a ' 

was removed through washings with acetone. The e '• i U'-' 
solution and divided into equal parts. The acidity •' ' /■ ■' j '■ • 

with Hd under the control of a glass electrodi ■'* !'il •. :< ■ 

peotively. They were heated on boiling water bath. 

were drawn, immediately cooled, neutralized and their contents of free acetyl- 
choline were titrated on eserinized m. rectus abdominis of frog. , ' ^ f . 


acetylcLoliue origiuslly jtrc.sent in flic' cxiracts ti.s procufpor. ' 
During tlie period of time wliicli is nocosshry rciicli ihe maxi- 
mum amouni of free acetylcholine, part oi i-hc Jicetylcliolinc is 
nydrolysed. Tn the cxpnrimcjit.s for llii.s otmimnnicalion wo have 
determined ^ die precursor a.s the amount/ of free acetyloholiho 
liberated at treatment with acid.'; and licat. Therefore, all quan- 
titative data on the precursor given in this jiapcr arc too Ion. 

> ^ * 
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Not only are our values on precursor too low, but all quantitative 
data in the literature on “tissue acetylcholine” in resting organs 
are too small. As will be more closely discussed below, all tissue 
acetylcholine in resting organs is present as precursor. The acetyl- 
choline found derives from the precursor, which is broken down 
during the analysis under the influence of various agents, e.g. 
trichloracetic acid. Nobody knows if this breakdown reaches its 
maximum point or goes any further. 

In order to evade losses of the formed acetylcholine we studied 
the breakdown of the precursor at varying acidity. In this regard 
our experiments were not successful. At pH 4, at which point free 
acetylcholine is most stable (vide fig. 1), the precursor also seems 
to be most stable. The liberation of free acetylcholine from the 
precursor seems to be a process which — ■ like the hydrolysis of 
free acetylcholine — ■ is catalyzed by OH as well as H ions. If the 
pH of the extracts is moved to the acid or the alkaline side of pH 4, 
the precursor is rapidly broken down, (vide fig. 6). As seen from 
fig. 5, the breakdown of the precursor seems to be 5 — '6 times 
more rapid than the hydrolysis of the acetylcholine formed. 
It was, however, not possible to make a correction for the inevitable 
loss bf free acetylcholine. The shape of the curve was found to be 
highly influenced not only by the acidity but also by the unknown 
concentration of precursor and the initial amount of free acetyl- 
choline eventually present. To these difficulties came that it was 
impossible to use buffer solutions at the acidifying of the extracts 
as the buffer substances disturbed the biological assay of acetyl- 
choline. 

Is any Free Acetylcholine Present in Besting Tissues? 

The presence of free acetylcholine in extracts from a great 
variety of organs has been shown by many authors. Chemical as 
well as pharmacological methods have been used for the identifi- 
cation. It has hitherto not been published any experimental in- 
vestigation on the question if the free acetylcholine, found in the 
extracts, exists preformed in the tissues, although pharmacologists 
have been of opinion that tissue acetylcholine in some unknown 
way must be inactive (Chang and Gaddum, 1933; BeznAk, 1933). 
On the basis of their experimental findings, some authors have 
assumed the presence of a complex, assumed to play a role at the 
synthesis of acetylcholine from choline and acetic acid. But also 
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tiese investigators found the usual amounts of freincetylcixoline 
beside the formation of extra acetylcholine, due 
the assumed complex or to a synthesis. The staring ippmt|qM 
e 2 q)eriments was somewhat different. The • main i qpestiq^^^^ 
does there exist any preformed, free acetylcholine 
tissue; if not, ip what state does tissue acetylcholih ,eHk?iiTKe 
question if there exists free acetylcholine or not in resting; tissiiei 
has more than academical interest. As long as we accept thfe pres^ 
ence of fi:ee acetylcholine in resting tissues and as -lp^'vasl/TO 
determine the tissue acetylcholine as free acetylcholine; t.wejhave 
no possibilities to study within the organs the^yer 3 ^vproc^s;?qf 
acetylcholine liberation at stimulation. , 

In the previous chapters we have shown the presence bfi an.m^ 
active substance, an acetylcholine precursor,, which liberates activie 
acetylcholine in the test tubes. No — or almost no ^ freh kcetyi- 
choline was found, but the amounts of the precur.sor was of the 


same magnitude as the amounts of free acetylcholine founrl witli 
earlier methods. This supports the assumption,. prpjpqsed;;inCthe 
introduction of this paper that the free acetylchoBne fbuiidim^ 
extracts of earlier methods, in reality derives from-.the’hompl^^^ 
which breaks down during the analyas. To secure tMs opimon^i^^^^^ 
necessary to show: > ' 

1) that practically no free acetylcholine is lost at' dih/methp^^ 

2) that the conditions of earlier methods induce a. breakddim Si 

the precursor. ' 


It does not seem very probable that free acetylcholim*, should be 
lost at our method. In most cases we have found 
acetylcholine in extracts which contained large ampunfeVpt^re^ 
cursor. As far as our knowledge goes, the breakdown of fr6e;acfe|yh 
choline is favoured by the same conditions as the liberation of free 
acetylcholine from the precupsor, but the latter process is more 
rapii An improper treatment inducing a loss of free acetylcholine 
would therefore in the first place induce an even greater formation 
of feee acetylcholine &om the precursor. As seen- in experiment: G, 
an added amount., of, free acctylcholiixe is quantitatively- refound, 
wMle -the ei^rach itself /contained no preformed acetylcholine. . 

. Acc6r^ng :to -the" view idevelopcd in this paper, earlier, inetlibds 
.ihust induce a: breakdown of the precursor.- 'The most comnionly . 
used ei^ractipn;f p-c. trichlbracetic acid. This acid is very 
strong, 'odmpafai^^^^ sulidiuric acid: its. dissociation -constant 
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is given as 2 • 10“^ An extract made from 1 vol. muscle pulp and 
2 vol. 10 p.c. trichloracetic acid has an acidity that is stronger 
than pH 1. Experiments with known amounts of precursor, 
solved in trichloracetic acid, showed that at pH 1 and at room 
temperature about 80 per cent was broken down in 60 minutes. 
The same is seen from experiment 8. We may therefore conclude 
that not only the discussion of pharmacological items but also 
direct, biochemical evidences favour the opinion that resting 
organs contain no free, preformed acetylcholine but a labile 
compound, which is the source of the acetylcholine found with 
earlier methods. 

Experiment 8. 

5 rabbits’ hearts, weighing together 28 grammes and frozen in solid 
carbon dioxide and ether, were pressed to thin disks and laid in a cooled 
mortar containing 60 ml 10 p.c. trichloracetic acid, partly frozen. The 
disks were cut into fine pieces and ground with quartz sand. The extract 
was cleared through centrifugation and then divided into 2 equal por- 
tions. The first portion was immediately made neutral to kongo red and 
then washed with ether until it became neutral to litmus. Its volume 
was evaporated to 10 ml at 30° 0 and at reduced pressure. Eree and 
“bound” acetylcholine was determined. The temperature of the other 
portion was allowed to rise to 19° C and then it was treated in full ac- 
cordance with the description of Chang and Gaddum (1933). Eree 
acetylcholine and precursor was titrated on eserinized m. rectus of frog. 

Portion 1: 

free acetylcholine = 0. 03 per gram of tissue 
precursor = 0.18 per gram of tissue. 

Portion 2: 

free acetylcholine = 0,14 y per gram of tissue 
precursor = 0.05 y per gram of tissue. 


Summary. 

The presence of free acetylcholine in extracts from various 
organs has been secured by many investigators using chemical 
as well as biological methods for the identification. The discussion 
of pharmacological evidences allowed the conclusion, however, 
that this free acetylcholine found in the extracts is not preformed 
in resting organs. The discussion also supported the working hypo- 
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thesis that the free acetylcholine in the extracts is formed throuiri 
breakdown of a preformed complex. It was assumed tl,at fch 
breakdown of this complex under liberation of free acetylcholin 
IS favoured by the methods hitherto used for the.deternunatio’ 
of acetylcholine in tissues. " 'v: V . 

The experiments presented in this communication ha-i^e give 
the following results: . ' 

1) Besting organs were frozen with liquid air and exteacted.ate 

low temperature with ethyl alcohol. The alcohol was ,e>^ap'omt| 
and the extract concentrated in vacuo. This extract was free frpr 
cells and from proteins. It contained no free acetylcholin^^al^oug] 
added acetylcholine was quantitatively refound. If the e!^rac 
was acidified and heated, an active substance was fornied^,.whic] 
was found to be acetylcholine. " ^ ’ 

The same results were obtained with trichloracetic acid exfehet 
if only the organs to be extracted were frozen with liqmdi 
extraction made at a low temperature, anduf the excess of tribhldf 
acetic acid was removed as soon as possible. . . ■ 

2) The formation of acetylcholine at the heating of' iacidifief 

extracts is not due to a synthesis. The extracts are foee iro&cejl 
and as far as known free from proteins; addition of choline ',ahc 
acetic acid has no influence on the formation of acetylcholine; thi 
formation can also be shown in extracts where all free.choline hai 
been removed through extraction with acetone. The fdriaatibn;©: 
acetylcholine is due to breakdown of a labile complex cpmpqmd 
which we call “precursor” as we know nothing about its pHeimba 
constitution. ■ 

3) The precursor was found to have the following properties 

Like free acetylcholine it is soluble in water, in absolute alcoh'6 
and in mixtures of water and alcohol, and insolublejin ether 
petrol ether. Unlike free acetylcholine and choHnn^igiSoM 
in acetone and can be precipitated with acetone; ftbmta.^M 
solution. , ; , L;.. 

It is precipitated with' barium 
acid watery or alcohqiic'solutidlfe^.:./^^;-;;-'^?,!';..;!''j'4(;:~vf;;;.p^^^^^^^^ 

It is ielatiyel^:Bt^iat^B3||itJ:^^ 

Hberating;*6fi'a(^t:^ci^hd^^-TIdsfpr^8 
rapid than;the hydrolysis of free •. 

4) The free acetvlcholinc earlier found in extracts from resting 
orgaM'^/fOTmed through' breakdown: of the precursor during the 

analysislt 
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The experiments allow the following conclusion: Resting organs 
contain no preformed acetylcholine. Tissue acetylcholine is present 
as an integral part of a labile complex compound, which differs from 
free acetylcholine through its chemical properties. 

This study has been aided by a grant from “Kungliga Fysio- 
grafiska Sallskapet i Lund”. 
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"While citric ncicl has long been considered a typical vegetable 
acid, research in the last decade has shown that it also plays an 
important part in animal organism. In the form of citrates it is 
found in varpng amounts in practically all fluids and tissues of the 
mammalian organism. 

The question arises as to where the citric acid supply in the 
mammalian organism originates. It has already been shown that 
it is parti}' supplied to the organism through food, "exogenous 
citric acid”, partly formed in the organism, "endogenous citric 
acid”. In the exogenous citric acid we must include that formed 
in the digestive tract by fermentation processes, which is later 
reabsorbed. 

The food of even a new-born mammal contains citric acid. 
As shown by Henkel (1886) there is a considerable amount in 
milk. On being weaned, the young herbivorous mammal finds 
citric acid in vegetable food. Calves, for example, get the same 
amount of citric acid from green grass and clover as they formerly 
obtained from cows milk (Westerlund). Actually the animal 
on vegetarian diet obtains citric acid from all kinds of food. 
What differentiates tj’pical citric acid fruits from other vegetables 
is thus partly the much higher amoimts in which citric acid is 
found in the former, partly its presence as free acids. 

7 — H3582. Acta phys. Bcandinav. Vot.8. 
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Citric acid is also of biological interest as a constituent :6f ’secre- 
tion and excretion of animal organisms, sometMng aWady ap|a- : 
rent feom its presence in milk. That it also is a normal cohstati^' 
of urine, however, was first shown by Ambero and 
(1916) and later by Ostberg. ^ 

Since then the appearance of citric acid in different secretion!' 
has been the object of exhaustive investigations. With- special 
reference to the quantitative aspects of the question, however," 
it remains to analyze the essential deposits where citric acid, ap- 
pears, as income and output in metabolism, and so ohtain a balance ' 
sheet for the substance. As a contribution to the knowledge!of the 
amount taken in in this calculation, the results of a series ’hf: 
analysis are given here, concerning the citric acid ' Content 
certain important cereals and leguminous plants, or rathet,' :dep: 
termined more exactly, from the finely sifted meal ftorn these. as. 
it is used in our food. li i 


In carrying out these experiments the convenient and sensitive method; 
for citric acid determination worked out by Pucher, Sherman ■and ^ 
Vickery (“PSV-method”) is used. The enzymatic method (“T. methbdvi'i 
see MIrtensson) of Thunberg is not suitable for determining; ciimc' 
acid in solid substances. ■ - , , Iff ; 

No account of the PSV-method will be given here as it is desOTbed; 
in detail in easily accessible Scandinavian scientific literature 
MANN and Krusius). Here it is only mentioned that the decolourization- . 
of the potassium permanganate took place while using hydrogeA per- v 
oxide solution and taking into consideration the precautions' specially;'' 
emphasised by Dickens to avoid any surplus of hydrogen peroxide.';' 
Furthermore, the seedpowder was allowed to stand unstured in water ■. 
for 12 hours before the addition of trichloracetic acid, (lontibl cxp'efi- ' 
ments show that the amoimt of pre-formed citric acid is nevertheless 
unchanged, and also, that the precipitation of proteins is hot affected; i, 
when a smaller amount than usual of trichloracetic acid is . used^ :( 3 X ;'5 ^ 

The experimental material consisted of wheat, rye, oats, ^baxley:and;;\ 
maize, as well as the seeds of 11 different Muds of Icfnimes.' The seed - 
material is ground by a roller mill with grooved rollers of stainle.ss steel, 
the distance between which can be varied. If neccs-sary the material 



weighed and the amount 0 • i j 

0.1 and 1.0 bng.'EefOie-fiiial aT!aly.sis the powder remaiued .undistarbcrl 
for 12 hours. in^.50 ml' distilled - water with a-temperatute ,of 

The' citric acid values obtained :ai'c given below (table 
Thus, while all the seeds examined contain citric acid, it.is pr^;:^; 
ent in w^:diffcrent amdunts'in the differcui kinds. The ^ld«| 
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Table 1. 


Ciiric acid content in per cent. 


A. Ccrcah. 


B. Seeds of leguminous plants. 

Avena sativa 

0.01 

Lathyrus sativus 

0.47 

Hordeum sativum . . . 

0.03 

Lupinus angustifolius 

0.97 

Sccalc cereale 

0.03 

Lupinus luteus 

1.80 

Triticum sativum 

0.01 

Medicago sativa 

0.60 

Zea mays 

0.20 

Phaseolus multiflorus 

2.14 



Pisum sativum 

0.79 



Tetragonolobus pur- 




pureus 

1.18 



Vicia faba 

0.33 



Vicia sativa 

0.39 


content, O.Ol — 0.03 %, is found in flour from ordinary cereals. The 
corresponding value for Zea mays is 0.2 per cent. Citric acid con- 
tent in seed powder from legumes as a rule is higher than in that 
from cereals. The variations here are considerable. Seed powder 
from Vicia faba thus contains 0.33 per cent while peas contain 
more than double the amount, and Phaseolus multiflorus more 
than 2 per cent. 

In the following an account is given of a number of experiments 
on the determination of po-ssible variations in the citric acid con- 
tent of germinating seeds. The seeds were grown in the dark to 
prevent new formation of organic substance through assimilation. 

Materials used were: Original Petkus Rye (Weibull), Eroica 
MTbeat (Weibull), Original Balder Barley (Weibull), Original 
Bambu Oats (Weibull), Sugar Maize (Norman's Seed Co.). 

Ten portions (each 0.5 gram) of each kind of seed are weighed. 
Each portion is evenly distributed in a separate Petri dish, the base 
of which is covered with damp filter paper. The dishes are then 
placed in the dark at room temjJerature. After two days the citric 
acid content is determined in portion 1; some days later portion 
2 is analyzed and so on. 

For analysis the germinating seeds are crushed and stirred in 
distilled water. The stirred mass stands overnight and then is 
treated with trichloracetic acid for protein precipitation. The 
PSV-method is used for analysis. The contents of the remaining 
nine dishes are treated in the same way besides which a control 
determination is carried out with non-gerininating seeds. 
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Wliile experimenting with rye and wheat a complicatioh 
with the development of a Mnd of mould forming; citiic:'aci|iC 
judging by the increase in citric acid in the cases where, mpuld" 
developed. The complication was prevented by treating^the'pereals ; 
with calomel which does not seem to affect the germinatihghbility| 
of the seeds. The results obtained are summarised in the ,dia^4m ‘ 
below, where the abscissa denotes germination time per ,2^,ii.ours^ 
and the ordinate, citric acid content in /ng per 



Fig. 1. 


All curves show that during germination period, the, cfeioia^ 
content rises initially and then decreases. The highest- yaluesjpb^^ 
served during germination expressed in per cent of the’initial'yalueh^^ 
are: for wheat 600 per cent ■ ' 

rye 275 per cent, 

barley 208 per 'cent „ 

oats. , , , , . 464 ;4per cent 


CITRIC ACID. 
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present experimental conditions have no possibility of increasing 
their supply of organic substance, the contribution to citric acid 
obtained must be of endogenous origin. 

The distribution of tlie total amount of citric acid present in 
germinating plants in their different parts and at different stages 
of their development has been investigated in barley and oats. 
At different times after the cereals have been set to germinate they 
are cut into two parts, one containing the shoot, the other the re.st, 
i.e. the root and the seed freed from the shoot. In barley the shoot 
was found to contain a proportion of the total citric acid content 
increasing with time. This proportion on the 6th, 12th and 19th 
day after the start of germination was 15, 45 and 80 per cent 
respcctivel 3 ^ After removal of the shoot the proportion in the 
rest of the plant decreased, being at the above times 85, 55 and 20 
per cent respectively. A similar determination for oats revealed 
that the percentage of the total amount of citric acid contained 
in the shoot determined on the 4th, 7th, 15th and 18th day in- 
creased likewise, being 25, 33, 51 and 70 per cent respectively. 
On the other hand the values for the rest of the plant decreased 
to 75, 67, 49 and 30 per cent of the total citric acid content. 


Summary. 

As a link in the systematic examination of citric acid balance 
in the animal organism, the citric acid content is determined in 
flour from wheat, rye, barley, oats and inaijie and from various 
leguminous plants. Citric acid was found in all the flour and seed 
powder examined, le.ss in the cereals, more in the leguminous plants. 

Cereals grown in the dark showed a considerable increase in 
citric acid after some daj's which, however, decreased with con- 
tinued growth of the plant. During germination the relatively 
highest amount of citric acid was found in the shoot. 
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A Method for Qiiantitatiye Determination of 
Acetylcholine Precursor and Free Acetyl- 
choline in Tissues. 

By 

N.-O. ABDON and KARIN LJtJNGDAHL-OSTBERG. 
Eeceived 24 April 1944. 


In previous communications (Abdon and Hammakskjold, 1939, 
1944) we have shown that all tissue acetylcholine in resting organs 
is present as an integral part of a labile complex compound, which 
differs from free acetylcholine through certain, well defined 
chemical properties. The complex is labile and when exposed 
to acids and heat it breaks down liberating free acetylcholine. 
We call the substance “acetylcholine precursor” or, shortly, 
“precursor”. The free acetylcholine found in resting tissues with 
earlier methods in reality derives from the precursor, which is 
broken down during the analysis under the influence of the 
very acid extraction fluids generally used. We assume that the 
precursor is the inactive and labile compound ftom which free 
acetylcholine is released in the organs during various physiological 
conditions. To be able to study this physiological acetylcholine 
liberation it was, however, necessary to construct a more reliable, 
quantitative method for the determination of the precursor as 
well as the liberated acetylcholine in tissues. 

In our earlier experiments we determined the precursor as the 
amount of free acetylcholine liberated under the influence of heat 
and acids under certain fixed conditions. As emphazised in the 
earlier communications, all values obtained with this method 
are too low and the method should not be used for strictly quanti- 
tative studies. The precursor is most stable at about pH 4, just 
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as free acetylclioliDe. If free acetylclioline is to be liberal^^jj&ain'l 
the precursor, this bas to be done at a more acid or more'alkaimlf' 
reaction. It is inevitable that part of tbe liberated bc^tyfebd^ 
line is further hydrolyzed into acetic acid and choline ■and^thtsl: 
lost at the biological titration. When a precursor-holding 'solutioii^i 
is acidified and heated, there is first a rapid rise in the,acei[yl- V 
choline concentration. This soon reaches its maximum. hhdi-if .i 
the solution is heated any longer, the concentration of’ acetylh^ 
choline falls to zero. It is evident that the maximal conceritra-;: 
tion of acetylcholine found must be smaller . than the ;;am6i^i;\^ 
originally present as precursor (see Abdon and TT atvtVt 
1944). We tried to make a correction for the' inevitable dossesi^ 
but too many factors -were found to influence, e. g. thevimtialv 
concentration of precursor and free acetylcholine. It ought IGd 
be emphazised that all earlier methods for the deterihinatipn; 
of “tissue acetylcholine” are impaired with the same ihaccuracy5>' 
as also in these cases the acetylcholine determined is / formed ', 
through breakdown of the precursor. 

In constructing a new method for the determination of the!, 
precursor we made use of our finding that the precursor; is’/imf 
soluble in acetone contrary to free acetylcholine and hholm^d! 
The tissue extract is now divided into two portions: the acetone :; 
soluble fraction, containing free acetylcholine and cholinei^::iandv 
the acetone precipitate which contains the precursor, Theipfe^T: 
cursor is then broken down — not to acetylcholine which caimot' 
be done without losses of unknown magnitude — ■ but to bholipej ! 
and then this choline is reacetylated to acetylcholine, an operation : 
which can be made ■with great accuracy. Below this' methodiis;' 
described, first as a summary and then with; necessary .detads; 
and experiments. 

Me t h 

1/ .Extfactip&l 

a. At the killing of^hhh.aminal clc. Ilio organs are frozen with 
liquid air or a ■miidrure'^^ of feth other and solid carbon dioxide. 
The orgains Are hepttih-^a’/Dew^ flaslc with solid carbon dioxide. 
■uhtil-wo^ed|iu^^!'!^^^ ' 

b?-The 'lrozeriforga^ prc-ssed -into thin dislis and laid in 
a mbrtar-withttTOceft^^ of 96 p. c. ethyl alcohol,, which 
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has been pre%iously cooled to about — 20°. The disks are cut 
into fine pieces and ground 'n-itli quartz sand. The operations 
are made, in cold. The extract is filtered through sintered glass 
filters and centrifugated. 

c. The clear extract is acidified with 0.5 ml concentrated acetic 
acid per 100 ml extract. Its volume is reduced to 1—2 ml at 
30° and at reduced pressure. The residue is washed twice with 
large amounts of ether, which is drawn off with a suction pump 
after sedimentation. Bemaining ether is evaporated in vacuo. 

d. The e.xtract is then diluted with at least its ten-fold amount 
of absolute ethyl alcohol. Insoluble matters are removed by cen- 
trifugation. 4 ml of distilled water and a drop of concentrated 
acetic acid are added and the volume is reduced at 30° and at 
reduced pressure to a volume of about 1 ml. 


II. Separation of the Precursor from Free 
Acetylcholine and Choline. 

a. The ])roduct from I d is precipitated with large amounts 
(about SO ml) of water free acetone and centrifugated. The super- 
natant clear acetone is decanted and used for the determination 
of free acetyloholine and choline (II b). The precipitate is dissolved 
iii 0.5 to 1 ml of distilled water and again precipitated with 80 
ml acetone, centrifugated and the acetone is decanted. This 
i.s repeated for a third time. 

Tlic jwceipitate, which contains the precursor, is dissolved 
in 0..5 ml distilled water, a drop of 2.r> p. c. BaOH is added and 
the solution is heated on waterbath for 2 minutes. The liberated 
choline is then rc-acetylated to acetylcholine (III a). 

h. To the first acetone portion from II a. is added 5 — 10 ml 
of di.stilled water and a drop of acetic acid. The acetone is removed 
at 30° and at reduced pressure. The remaining watery solution is 
neutralized and its contents of free acetylcholine are titrated. 
The water}' .solution is also used for determination of choline. 

c. If choline i.s to he determined, the water}’’ solution from 
II b is washed 3 times with petrol ether (Bp 33° — 45°), which 
is drawn off with a suction pump. Petrol ether remaining in 
watery solution is removed in vacuo, A measured part is acetyl- 
ated (III n). 
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in. Acetylation. 


a. To the precipitate which has been treated with 

II a) is added 10 ml of acetic anhydride (pro, atialysij. free 
homologes). , 

To a measured part of the watery solution from-.Il'^c,:; not 
exceeding 1 ml in volume, is added the 20.fold amount^bf Acj^ic 
anhydride. .'Ir 

The solutions are transferred into long test tubes with a cabhcitj 
of 40—50 ml. These are covered with tinfoil and heated-bh boiling 
water bath for 10 nainutes. : 

b. The greatest part of the excess of acetic anhydride is removed 
by evaporation at 60—80° and at reduced pressure.: Whenrl^^^ 
ml are left, 10 ml of distilled water are a^tlfid 

the anhydride. The remaining acetic anhydride is . reitibyed 
through repeated washings with ethyl ether, (10 -time's),'' whici 
is drawn off with a suction pump after sedimentation.; Ethei 
in watery solution is removed in vacuo. The reaction slibiMd 
now be neutral to litmus. The volume is made up to 10 mV; 
contents of acetychoUne are measured on, eserinizedi 
abdominis of frog. 




I. Extraction. 


"Mi 


When the organs are taken for examination they are asyspbip 
as possible frozen with liquid air or a mixture of ethyl- ether.nnd 
solid carbon dioxide. The contents of precursor in some 'orgam, 
e. g. hearts of rabbit or dog rapidly decrease if: ,theym're; nbl 
frozen as rapidly as possible. Striped muscles of.ftog,:ph thb'htKei 
hand, can be allowed to lie at room tomporatuTe in oxygenated 
Ringer solution or in a moist chamber: for 2 hours without losing 
any precursor, provided that they.;are not Tncchanically injured 
Injury causes breakdown. of the:.preomsoriilt'is,:therefore'i;’nec^ 
sary that the organs -arb kept /feozeh'jw^ 
and whenthby are e:^racted; untirall'prbteiha'arbHpfmp^ 
the extractiom!fii^K\^^;l;^^^^ ' ' ■ 

■f Im our .previbusTcpn^unica^^^ that the pre- 

cursor as- well ;as%eefabeirflciiblin^,h|^m^ 
in alcohph wateriviDi^uredhf,;alcbhqi j.and5water,'4^^ 
acetib: acid> butdnb'bluble:im;ether;anddh'pe|rdr^ 
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of principle it is possible to use tricliloracetic acid for extraction; 
properly handled it may give the same yield of precursor and free 
acetylcholine as ethyl alcohol. Extraction with alcohol has many 
advantages. It makes it possible to work at such low temperatures 
as —20", at which temperature any enzyme which may split 
or synthezise the precursor or acetylcholine most probably is 
completely inhibited. After addition of acetic acid the alcoholic 
extract has a slightly acid reaction, at which the precursor as 
well as the free acetylcholine were found to be rather stable. 
Trichloracetic acid gives an extract of very acid reaction, about 
pH 1, which accelerates the breakdown of the precursor. The 
alcohol extract has further the advantage that it can be con- 
centrated more rapidity and under more favourable conditions 
with regard to the stability of the labile choline compounds. 

The still frozen orgams arc prc.sscd into thin disks with a Buch- 
ner press. The disks are laid in an agat or iron mortar, which 
has })reviously been cooled with .‘Jolid carbon dioxide. The disks 
are pounded into small piecc.s with a cooled pestle. Then cooled 
flG p. c. ethyl alcohol is added; 2 ml for every gram of tissue. 
The temperature i.s allowed to ri.se to about — 20°. At this low 
temperature the picce.s of organ soften so that it is possible to 
cut them into finer jueccs with a pair of scissors, if necessary. 
A little quartz sand is added and the organs arc thoroughly 
ground. The temperature is then allowed to rise to about zero 
and the contents of the mortar arc stirred for about 5 minutes. 
The extract i.s filtered through .sintered glass filters (Jena No. 
Gl or G2) with the aid of a suction pump. The insoluble remnant 
i.s thoroughly washed with 1 ml of 9G p. c. alcohol for every 
gram of tis.sue. The filtrate i.s centrifugated 15 minutes at 3,500 
r/min. 

The extract has a slightly acid reaction, chiefly caused by 
carbonic acid, which cva])orate.s at the further treatment of the 
extract. A>s mentioned above, the precursor as well as the free 
acetylcholine is most stable at about pH 4. In the preliminary 
experiments thi.s acidity was roughly achieved through addition 
of HCl. Later we found that addition of acetic acid does not bring 
about acetylation of choline (sec experiment 6) or any s}mthesis 
of precursor. Kow we therefore adjust the reaction by addition 
of 0.5 ml of concentrated acetic acid for every 100 ml of extract. 

The initial volume of this primary extract should not exceed 
120 — 140 ml, corresponding to about 35 gram of tissue. If the 
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amount of tissue is larger, it ought to be divided 
treated separately until tihe precipitation with 

The volume of the primary extract is then reduhei^Hip; '^2:^ 
by means of evaporation at reduced pressure and' at SOyr-To th?^ 
end the extract is quantitatively transferred into ah waj^biatibi 
flask made of thick glass and with a capacity of 260^3b0,:mi! 
To avoid losses due to foaming the flask is provided- a 
neck. At the upper end of the neck a side tube is inserted ' whici 
is connected with a water suction pump. The mouth -of. tie jnbhl 
is tightened with a rubber stopper through which a ' glast' tube 
is inserted. This is drawn out into a fine capdlary whibhieicli 
the bottom of the flask. The flask is placed into a waiter bi.th*TOtl 
a temperature of 30°. A brisk aeration is set up tlq'ougi ihe ica 
pillary and extract is evaporated to 1 — 2 nil. If foiiniing siioiiii; 
become disturbing, the extract is shaken with ether in'the^Tlask 
After sedimentation the ether is drawn off with a suctipn'pum^ 
a drop of concentrated acid is added and the hvappration' i^ 
continued. 

When the volume has been reduced to 1 — 2 mli the-fextlact^is 
washed twice with about 100 ml of ether, which is dra^ bf^ after 
sedimentation. The ether removes neutral fats and' also, thb,'^^ 
part of some choline compound of phosphatide naturei^'w 
would otherwise disturb the determination of choline.} The’ prii- 
cursor, acetylcholine, and choline are quite insoluble; in^/pther; 
we have found no losses after washings with ether; andvthe^etlier 
contained no precursor and no free acetylcholine: The :et^^ 
removes some water and the extract thus becomes inearly'^yi 

The crude extract, which is obtained in this way,' hlso^cbntm^ 
impurities which may disturb the biological titration of acetyl- 
choline, e. g. potassium salts (see Gaddum, 1936 );^end:;.adenp;^ne 
compounds (Abdon, .1912). These impurities arc practically in- 
soluble in 90 — JOO p. c. alcohol. It is somctimo.s .stated in the 
literature that the primary extraction with alcohol has tlic ad- 
vantage of giving an extract which is free from pota.s.sium salt. 
The water from the organs is, howevef, enough to dilute the extract 
to such ah- extent that practic.ally all jJotaKsium of the organ is 
extracted. The concentrated extract, is /lissolved in TC — 12 ml 
absolute nlcoliol. Insoluble matters arc. removed by centrifuga- 
tion. Tlic alcohol is transferred into an evaporation flash. Distilled 
water is added to make the alcohol about {i0---70 p. a drop 
of concent, rated acetic acid is added and the volume ds reduced 
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to 1 — 2 ml at reduced pressure and at 30° C, If water is not 
added before evaporation, a great part of tbe precursor and' 
the acetylcholine will be lost (experiment 6). 


II a. Separation of tlw Precursor from Acetycboline 
and Disturbing Choline Compounds. 

At the method for determining the precursor proposed in this 
paper the precursor is broken down to choline and then re-acetyl- 
ated to acetylcholine, which is biologically determined. It is, 
therefore, necessary to remove not only free acetylcholine and 
choline but every choline compound that may form acetyl- 
choline at the proccs.s of acetylation. The main representative 
of this group of choline compounds is lecithine, but there are 
probably other members of this group. Although part of the 
disturbing choline compounds have been removed at the washings 
with ether, the extract yet contains acetylcholine, chobne and 
other compounds bo.sidc the precursor. The separating is made 
by means of acetone, which precipitates the precursor, but 
leaves the other compounds in solution. Lecithine, which is in- 
soluble in acetone when pure, is soluble in the presence of 
impurities ns fatty acids (MacLean, 1918). In the prebminary 
experiments we precipitated the acetone soluble fraction wth 
barium salts in order to purify the precursor. This was found to 
be unnccc.ssnry. The separation is performed in the following 
way; .3—5 ml of waterfrcc acetone are added to the watery extract, 
which is obtained after the second alcohol extract has been eva- 
porated. The mi.xture, which is as a rule still quite clear, is trans- 
ferred to a centrifuge tube with a capacity of about 100 ml. 
The evaporation flask is rinsed with a little acetone three times. 
The volume of acetone is made up to about 80 ml. A white pre- 
cipitate of liglit flocks appears. The precipitate is centrifugated 
15 minutes at 3,500 r/niin. The acetone is decanted and used for 
the determination of choline and free acetylclioline. (It is kept 
cooled with solid carbon dioxide until worked up. A rather large 
vessel must be used as carbonic acid is very soluble in cold acetone 
and causes foaming when the temperature is allowed to rise.) 
To remove remaining free choline from the precipitate it is not 
sufficient simply to wa.sh with acetone; the precipitate, which after 
centrifugation is a sticky mass, must be dissolved in 0.5 1 ml 
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of distilled water and again precipitated with 80. ml of ,:acefone!lf 
Tliis re-precipitation is made twice. The purified, p^ec^ita^t 
treated with NaOD and acetylated as described pn page::i06." > ' 
As shown by experiment 1, the amounts of disturbing choi^^^^ 
compounds are about 1,500 times as large as the amount, of chqime ' 
combined in the precursor. 97 p. c, of these impuntms are i^--f 
moved by the first acetone fraction, about 2.9 p. c. ip the second* 
acetone fraction, and the remaining 0.1 p. c, in the 'third. acetpneV- 
fraction. The fourth acetone fraction contains .practically ho? 
choline compounds which may be acetylated. In correspondence? 
to these data we find that the amount of choline in the precipitate? 
is constant after three precipitations. The third, precipitate/—? 
and the following ones — contain only precursor, chohne? This ;; 
is shown by the following facts; l;o if the extract, is; "hehted, my' 
order to destroy the precursor before the treatment vdthhcetone,? 
the third precipitate contains no. choline. 2;o .if the, precipitate? 
is dissolved in water and precipitated with barium; acetate; hhej 
barium precipitate contains the same amount of choline .{as;;, the? 
third acetone precipitate. 3:o if the acetone precipitate.is dissblyedy 
in water, acidified and heated, and then precipitated .with barim? 
acetate, the precipitate contains no choline. . ■■■■•■. 


JExperiment 1. - "" : r;?''?': 

108 grammes of skeletal muscle (hind hmb) of ranae temp6raitip.e' 
were frozeu with ether and solid carbon dioxide and extracted wif h 
ethyl alcohol. The extract was concentrated, washed \vith, aether, ? 
dissolved in alcohol and again concentrated as described on pagelOS.^s 
The extract was then dissolved in distilled water and divided mtU'S, , 
equal portions. ' 

a) 5 portions were used for determining the amounts , pf chdline;my 
the various acetone fractions. They were precipitated .fl-r-SjytmM;; 
respectively with acetone. The amounts of cholme; .m .the;.ac0^fe^^^ 
soluble fraction and in the precipitate were determined ;aS?descnbem 
on page 105. All amounts are expressed as y df acetylcholine fcUpiidb;; 
per gram of tissue. 

1 : *^*5.o Jfi3 


,2 








5. a 
■ d.ifi 
0 
0 


>).Invpr&r^|d;^tp®rccurHor, one portion' was made idimliiie , 
and heated 'fdr’a ;.cpupl4,. of? ^ cooled, neutralized, and tJirec 
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times precipitated mfh acetone. Tlie amount of choline in the pre- 
cipitate was determined and found to be less than O .02 v/irranf as 
acetylcholine chloride. 

c) 2 portions were used to study the precipitations with barium salts. 
Both portions were precipitated with acetone three times. The acetone 
precipitates were dissolved in about 10 ml of water. One of the portions 
was made alkaline and heated for a couple of minutes and then cooled 
and neutralized. Then both portions were precipitated with 1 ml of 
25 p. c. barium acetate and centrifuged. The precipitate was washed 
twice with diluted barium acetate and centrifugated. The precipitate 
was washed twice with diluted barium acetate solution, and then it 
was acetylated according to the method on page 106. 

The portion which had been heated contained less than O.02 y/- 
gram. The other portion contained O.ios y/gram. 


II 1). Separation of Free Acetylcholine and Choline from, 
other Choline Componnds. 

The amounts of free acetylcholine and choline are determined 
in the first acetone soluble fraction. As seen from experiment 1, 
practically all choline compounds appear in this fraction. 

As shown by experiments 3 and 4, considerable amounts of 
acetylcholine as well as choline are lost if the acetone is evaporated 
to dryness. To evade losses, 5 — 10 ml of distilled water and 2 drops 
of concentrated acetic acid are added to the acetone, which is then 
evaporated 30° and at reduced pressure until all acetone is gone. 
This is controlled by a vacumeter; when only water is left, the 
pressure is rather abruptly lowered from about 90 to 15 mm Hg. 
The remaining watery solution is neutralized and its contents of 
free acetylcholine are biologically titrated. 

The same watery solution is also used for the determination of 
choline. As mentioned above, the acetone soluble fraction con- 
tains not only free acetylcholine and choline but also other 
choline compounds which may form acetylcholine at acetylation. 
Part of these impurities have already been removed by washings 
wth ether. If the impurities are not further removed, the amount 
of choline will be 50 — 100 p. c. too high. Therefore, the watery 
solution obtained after evaporation of the acetone is shaken 
three times with about 50 ml of petrol ether (B. p. 33 45 ). 

The petrol ether is drawn off with a suction pump. Petrol ether re- 
maining in watery solution is then removed by evaporation. 
Part of the watery solution is then acetylated according to the 
description on page 106. 
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With, regard to the determination of choline we have modified 
some details which implied risks for losses, hut as a matter of 
principle the method described in this paper follows the usual 
lines. All substances which are soluble in alcohol, water, and 
acetone, but insoluble in petrol ether and ethyl ether, ^and. which 
form acetylcholine at acetylation are determined as “choline”. 
Some pharmacological experiments, which will be published 
later, seem to indicate that all this “choline” is riot preformed 
in the tissues. 

} 

Experiment 2. 

4 rabbits hearts, weighing 22 grammes, were extracted with ethyl 
alcohol, the extract was concentrated, washed with ether, dissolved 
in alcohol and again evaporated, and then precipitated with acetone 
according to the descriptions, 10 mi of water were added to the acetone 
soluble fraction; the acetone was evaporated. Of the remaining 10 
ml of distilled water, 0.5 ml were taken out for acetylation. The rest 
of the solution was washed several tames with 40 ml of petrol ether, • 
After 2, 4, 6, and 8 washings a sample of 0.5 ml was taken out for 
acetylation. The amounts of choline found are expressed as y/gram 
of acetylcholine chloride. ’ ' 


before washings 29,3 y 

after 2 » 18. o 

» 4 » 18.8 

» 6 » 16.0 

» 8 i > 17.6 


in. Acetylation. 

.. ‘ r// ' 

In the method described in this paper the precursor is- broken 
down to choline and then acetylated to acetylcholine.^ Trans- 
formation of choline to its considerably more active acetyl ester 
has earlier been used for the determination of choline in'tissue 
extracts. The principle wa.s first n.'^ed ])y Jij'.ii) Hunt (lOlo); 
his method has since then been used with aoverul rtunor modi- 
fications, 

. Organic chemists have of old used acctylcliloridc • as well as 
acetic anhydride for the acetylation of several organic eompounds. 
Both these suhstances liavc also been used for the acetylation 
of choline. XETffuux (1925) compared the acetylation with acetic 
anhydride . and acctylchloride; he found ^ considerabh larger 
amounts of acetylcholine w ith acetic anhydride. The experiments 
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were, however, made oa tissue extracts and not on pure choline. 
As seen from experiment 6, the anhydride gives a complete 
acetylation of choline. Acetylation with the anhydride can be 
made in an open vessel while boiling in glass bombs is necessary 
when acetylchloride is used. We have therefore used the more 
convenient anhydride method. 

At the determination of tissue choline according to earlier 
methods, the .extracts to be acetylated have as a rule contained 
100 y or more of choline chloride. Nevertheless, the losses may be 
exceedingly great (see LeHeux, 1925). As the amount of choline 
combined as acetylcholine precursor in the tissues is 1,000 times 
less than the amount of free choline, we must have a method, 
which admits the acetylation of far smaller amounts of choline. 
If the methods hitherto used would be applied on these small 
amounts, .the losses would be approximately 100 p. c. We there- 
fore had to exa mi ne each separate operation with regard to any 
measure which, might be taken in order to avoid losses. 

At earlier methods acetylation with acetic anhydride was as- 
sumed to be impossible, in the presence of water. The tissue 
extracts have therefore been evaporated to absolute dryness. 
Eomajt has emphasised (1930) that choline is to some extent 
volatile, and when a solution is. evaporated some choline dis- 
appears. Although Eoslan has been cited by some authors his 
findings have not been considered at the determination of tissue 
choline. As shown by experiment 3, the losses are moderate when 
larger amounts of choline are evaporated, but more considerable 
when the solutions are more dilute. The losses are greatest when 
a watery solution- is evaporated and smaller when alcohol or 
acetone solutions are evaporated. When the solutions are evapo- 
rated to dryness the losses are considerable, but when a little 
amount of water is left, e. g. 0. 5 ml, there are only moderate losses. 
This compelled us to examine if this small amount of water could 
be . present at, the acetylation (experiment 6). As shown, the 
addition of water does not render the acetylation incomplete if 
the concentration of water amounts to less than one tenth of 
the amount of acetic anhydride.. We therefore now add at least 
10 vol. of acetic acid for every vol. of watery solution. Thus 
the losses due to evaporation to dryness were avoided. 

For how long time must choline be treated -with acetic an- 
hydride? At earlier methods one has heated the acetylation mixture 
on [boiling water bath for 1—2 hours or boiled it in a retort with 

8 — H3582. Acta pTiys, Scandinav. Vol. 8. 
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reflux cooler for one lionr. We found that the acetylatiohrrbf 
these small amounts of acetylcholine is complete dh:desBtthan >' 
10 minutes at 100° C. . 

Another operation which may cause losses is the ,remoyin|ii6f - 
the excess anhydride after acetylation. The anhydride itself 'Rpd'^i 
also sndium acetate formed at its neutralization disturhs' the i 
biological titration of acetylcholine on m. rectus as it'.caiBes;' 
shortening of the muscle. In experiments on 10 m. recti we io^d- 
that 0.2 — 0.4 p. c. of sodium acetate in the Ringer solution caused - 
a shortening; in one case we found a shortening at 0.1 p. c. spbi^t 
acetate. Smaller amounts, which do not cause any contraction^ 
themselves, had no influence on the biological titration of acbtyl-? 
choline. From these experiments is seen that the excess of abetici 
anhydride must be very carefully removed. This has earlier heem 
done by evaporating the anhydride to absolute dryness. seen ' 
from experiment 4, greatest part of the acetylcholine isvlbst at* 
this operation. Just as choline, acetylcholine solutions cahnotsbe,; 
evaporated to dryness without considerable losses, whethbhtiie 
solvent is water, alcohol, acetone, or acetic anhydride (experiment 
5). We therefore tried to remove the excess anhydride through; 
washings with ether, which readily dissolves the anhydride; ;If ho 
water is present at this operation, the ether will removeiithe 
acetylcholine as well as the anhydride. If losses should be avbi^i;' 
the proportion water to anhydride must not be less than,6f(ex^ 
periment 7). To avoid greater dilution of the acetylcholine' solii?^ 
tion, we therefore evaporate greatest part of the anhydride excesb 
until only about 1 ml is left. Then 10 ml of water areJaddedj" 
mixed with the anhydride, and the noixture is shalcon 10 tim'es 
with about 40 ml of ethyl ether, which is drawn off with a suction 
pump after separation. This water solution 


fcion of acetylcholine tis 

-r • ■ It 


neutral to litmus. 

The accuracy of this acetylation method is satisfacto^^f It>has 
been tested on solution containing 
ranging from 10 y to 0.3 y as chohne;hhlpfidb 5 .(e:^enmien^^ 
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absolute alcobol, or 25 ml of acetone. In some cases water was added 
The solutions were evaporated at 30°, and at reduced pressure. In 
some cases the _ evaporation was carried on till absolute dryness, in 
other cases until 5 or 0.5 ml of water remained. The solutions were 
then acetylated according to the description. 


added amount 

refound 

loss in 

a. Water solution 




1) evaporated to dryness 

100 y 

69 

31 


10 

3.7 

63 

2) evaporated to 0.5 ml 

100 

96 

4 


10 

8.8 

12 


10 

9.3 

7 

b. Alcohol solution 




1) evaporated to dryness 

100 

76 

24 


10 

4.5 

55 

2) 10 ml water added, evapo- 




rated to 5 ml 

100 

98 

2 

3) 2 ml water added, evaporated 




to 0.5 ml 

10 

9.5 

5 

c. Acetone solution 




1) evaporated to dryness 

100 

98 

2 


10 

7.4 

26 

2) 5 ml water added, evaporated 




to about 5 ml 

100 

104 


3) 2 ml water added, evaporated 




to 0.5 ml 

10 

9.4 

6 


ExperimerU- 4. (Loss of acetylcholine at evapora- 
tion of acetic anhydride.) 

0.5 ml distilled water, containing 25 y of acetylcholine chloride, 
and 9.5 ml acetic anhydride were evaporated 

1) to dryness at 50° C and at reduced pressure: refomid 11 y, loss 
56 p. c. 

2) to dryness at 80° 0 and at reduced pressure, refound 0. 

3) to 2 ml volume at 80° C and at reduced pressure. 10 ml distilled 
water was added and the micture was washed 10 times with 40 
ml of ether, which was drawn off with a suction piunp. Ether 
remaining in watery solution was evaporated. Reaction was con- 
trolled. 

Refound: in 3 tests: 23.6, 24.8, 25.1 y acetycholine chloride. 

Experiment 5. (Loss of acetylcholine at evapora- 
tion of various solvents.) 

To study the loss of acetylcholine at evaporation we made solutions 
containing 10 y of acetylcholine chloride in 25 ml of water, absolute 
alcohol or waterfree acetone and in mixtures of 25 ml alcohol with 
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10 ml water and 25 ml acetone with 5 ml of water; S .drpps olcbti^^i 5 
trated acetic acid were added to aU solutions. The soiutiohs^fwpre^ 
evaporated at 30° C and at reduced pressure. In some casM tie eyaho-^^ 
ration was carried out till complete dryness; in other "c^es at; wat? 
finished when a. certain amount of water was left. The; eyipqr^tiohv 
vessel was rinsed with Ringer solution. The amount of ac%lch6lke ■ 
chloride was determined on eserinized m. rectus of frog. : 

refound -loss>'in jpR c.', 

a) Tfcter solution - ’ , 

1) evaporated to dryness 1,7 y - .. v,; :83‘^ 

2) evaporated to 0.6 — ml 9.8 y 

9.6 y 
9.4- -y. ' . 

b) Alcohol solution 

1) evaporated to dryness 0,35 y 

2) 10 ml water, evaporated to about 5 ml 9.7 y 

9.7 
9.3 

c) Acetom solution 

1) evaporated to dryness 6.7 y , ‘;-‘:43^;i/ 

2) 5 inl water added evaporated to about ■' ‘ ^ 

6 ml 10;4> 

9.6 y 
9.6 y • , 

Experiment 6. (How much water can be ..p're'sem^ 
at acetylation with acetic anhydride?) , V 

10 y of choline bromide dissolved in 0.6 — ^2.6 ml water and! acetic j 
anhydride as to make a total volume of 10 ml were transferred>,to.i 
test tubes. These were heated on boiling waterbath for 5, 2Q,. 6p,xor ; 
120 minutes. The volume was reduced to 2 ml through evappration; 
ht 80° 0 and at reduced pressure. 10 ml water was added ‘ and)ihe,^ 
mixture of water and acetic anhydride was washed with 40' ml .etiief^ 

lOti 

The 


y - 

y-: 



amount 

of 

water 

0.6 
i:o 
1.6 
2.0 
2.6 


amount of 
acetic anhydridb 


y nf choline 'btoniide^Xij^ 
refbund after 


acewo annyoriae r.i '^heatmg for’;(:-|^"-'i^^ 

. ■ : .uMSSoSgepglSIKil 

:,v 



■■..■Experimkra 7i% 

i'n'g; of •■•mi X t.n r.e sfp d d 


.•h'’'t’lin " w a s h- 
acetic anhydride 
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To. 10 y of acetylcholine cliloride dissolved in 10 ml of vrater varying 
amonnts of acetic anhydride were added. The mixtures •were shaken 
10 times with 40 nd of ether, which was drawn off. Ether remaining 
in the watery solution was removed hy aeration at reduced pressure. 
The amounts of acetylcholine chloride were determined on eserinized m, 
rectus of drog. 


ml acetic an- 

y acetylcholine 


hydride added 

chloride xefound 

loss in p. c. 

10 

3.2, 

3.8 

65 

5 

5.9, 

6.4 

38 

3 

8.3, 

9.1 

13 

2 

9.3, 

9.6 

5 

1 

9.5, 

10.2 

— 

0 

9.5, 

9.8 

— 


Experiment 8. (Accuracy of the acetylation me- 
thod.) 

To -test the accuracy of the acetylation method proposed in this 
paper we made series of determinations on kno'wn amounts of choline 
chloride, varying from 10 to 0,3 y. Every series consisted of 12 de- 
termina'tions. The acetylcholine was dissolved in 0.5 m. water, 9.6 
ml of acetic anhydride was added and the mixture was acetylated 
and treated in full accordance "with the description above. In series 
rV the 10 ml of watery acetylcholine solution obtained after acetyla- 
tion was so dilute that titrations on m. rectus was not possible. It 
was, therefore, before titration concentrated to 2 ml by evaporation 
at 30° C and at reduced pressure. The amounts of acetylcholine were 
■titrated on eserinized m. rectus of frog. In series IV the amoimt of 
acetylcholine only sufficed for 2 titrations; in the other series 4 deter- 
minations were made at every determination. 

Series I. Added amount: 10 y choline chloride = 12.8 y acetyl- 
choline chloride. Eefound 12.6 ^ 0.17; Standard deviation 0.6i=4.s %. 

Series II. Added amount: 3.5 y choline chloride = 3.8i y acetyl- 
choline chloride. Eefound: 3.5 0.075; Standard deviation 0.2 6=6.8 %,■ 

Series III. Added amount: l.o y choline chloride = 1.28 y acetyl- 
choline chloride. Eefound l.is+O. 027 ; Standard deviation 0.094 = 
= 7.6 %. 

Series IV. Added amount 0,3 y choline chloride = 0.38 y acetyl- 
choline chloride. Eefound 0.331 + O.oii; Standard de'Yiation O .0038 = 
= 10.8 %. 


Biological Titration of Acetylcholine. 

For . titration of acetylcholine many methods have been de;* 
signed. Chang and Gaddum (1933) and Gaddum (1936) have 
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xe'we'wed and compared tie diffeteiit metiods.--:Tliey.- 'cdiiside0 
tie eserinized m. rectus of frog tie most reiable 
frog’s ieart aud tie intestine of rabbit or mousi^'^;s^t^| 
preparations but ratier unspecific and readily influeicedvby ptiHM^ 
agents present in tissue extracts. According to our- ei^meiee'; 
tie very sensitive leeci preparation works more slowly and 
considerably less accurate tian tie- frog muscle. We.iave 'Mere-I 
fore used tie eserinized m. rectus. Tie best preparation .is^bl:^, 
tained from rana esculenta, but tie war ias compelled is 
Swedisi temporaria males. Tie preparation is ratier! spectficc 
and sensitive enougi for our purpose. Addition of 0, 01^0.02 . 
acetylcioline ciloride is sufficient to provoke a proper siorteningV. 

Tie m. rectus preparation gives more accurate values tia;nbtier;' 
preparations. We made 20 determinations on a known amouitv 
of acetylcioline. Every determination consisted of one addition'; 
of a standard solution and one addition of test solutioniilTie" 


standard de-nation of tiis series was found to be S.O'p^Cjj 'tie' 
maximal deviation found was 19 p. c. At tie deterriunation of! 
tissue acetylcioline we always made 4 titrations. In, ’tiese!;'cases 
tie accurary at tie titration will be 4 p. c. In series offtitratipM': 
on frog’s ieart and rabbit’s intestine made by LeHeux -(1925): 
tie standard de-viations were 13.6 and 11.1 p. c. respectively. 

Tie muscles were prepared in tie usual way and for BOimnutes! 
laid in oxygenated Ringer solution, to wiici iad beei .addedj 
eserine sulfate to a final concentration of 1 ; 200000.:'.! Altioiigi! 
tiis concentration of eserine is sufficient completely to iii^bit 
tie esterase of frog muscle in vitro, it does not give tie masmal’ 
sensitiveness to acetylcioHne. Greater amounts of eserine ; 
iowever, often impede tie relaxation of tie muscles ‘;aftery,tie, 
acetylcioline ias been washed out. Tie siorteiung 
was registered witi a ligit isotonic lever, “t:*. If 'ti® acetyleipi^O; 
to be tested is not dissolved in salt solution'-^uf yii^wat^^^^ 
volume added to tie bati should not exceed lO^p;^:^ 

volume. If greater amounts were nddedWe!o^en,;fpTO|.:!tiat|^^ 

contraction developed was .^ater 

choline accounted:for;'biiV at fdic'iimi^nie^'tiic'prepirfl^ 
destroyed and its siisitivcnes.s to following acctylcliolinc additions 
was decre^d^lKj^^c amount of acetylcioline. present in tiie. 
test, solution.'^ enough to give a nieasurable shortening 
when added>in;,iiep; proportions, tie solution was concentrated 
by^evapOTafe’atib^G^ 
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The relation between acetylcholine concentration and the shortening 
of the muscle is not linear. It follows the law of Langmtjir-Hitchcock 

(GiiAEKj 1936): k • y = - — ; k is a constant, y is the concentration 

of acetylcholine provoking the effect x; a is the maximal effect which 
can be provoked by acetylcholine. AU calculations ought to be made 
according to this formula. It is, however, necessary to emphasise 
that sometimes the small effects do not follow the Lak-gmutr-Hitch- 
COCK law but require considerably greater concentrations of acetyl- 
choline. This is due to infavourable experimental conditions as too 
heavy levers or to great friction between paper and lever. It is therefore 
advisable always to use a concentration of standard, which gives about 
the same effect as the test. 


Accuracy of the Method. 

a. with regard to the determination of the precursor. 

As mentioned above the biological titration implies an error of 
4 p. c. — ' as measured by the standard deviation — if 4 titrations 
are made at every determination. Acetylation -{- titration has an 
error of about 6 p. c. The determination of the precursor consists 
of many other operations which may cause errors. To measure 
these errors we made an alcoholic extract of ox spleen according 
to the description on page 104. After filtration and centrifugation 
the extract' was divided into 20 equal parts. The amounts of pre- 
cursor in 10 of these parts were determined according to the method 
proposed in this paper, and were found to contain; 

2.4, 2.3, 2.15, 2.15, 2.1, 2:05, 1.95, 1.85, 1.8, and 1.7 y of pre- 
cursor expressed as acetylcholine chlorid. The mean value was 
2.05^0.07, standard deviation 0.22 = 10.7 p. c. 

To be able to judge any value obtained with this method we 
must know not oidy the standard deviation but also the aggregate 
losses of the precursor, which may occur at every treatment of the 
extract. As shown by experiment 8, acetylation only may cause 
a loss of 5 — 10 p. c. To determine the total losses portions of 
the same extract, as had been used for the series, above, were 
evaporated, washed with ether, re-dissolved in alcohol, evaporated 
and finally precipitated 3 times with acetone according to the 
method described above. According to the series above, the ace- 
tone insoluble fraction contains 2.05 y of precursor calculated as 
acetylcholine chloride. The precursor was dissolved in .75 p. c. 
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ethyl alcohol, which corresponds to the concentration of alcohol 
solution was treated just as a tissue extract. Its contents of pre- 
cursor were determined. The series gave the following data; Mean 
value 1. 0 ± 0.05, Standard deviation 0.17 =9.2 p. c. As seen, 
we only refound 1.80 y of the added amount 2.06 y. The operations 
have caused a loss of 0.25 i y 0.07* -j-O.OS^ i. e. 12 ± 4 p< e. of 
the added amount. This value does not include losses and errors 
caused by inadequate extraction. 

b. with regard to he-p. acetylcholine. 

200 grammes of rabbit’s skeletal muscle were extracted with 
alcohol according to the description. The extract was made alkaline 
to phenolphtalein and left standing at room temperature for 6 
hours. Thereby free acetylcholine as well as precursor were de- 
stroyed. The extract was then acidified with acetic and its volume 
made up to 600 ml. 60 y acetylcholine chloride were added. The ex- 
tract was divided into 10 equal parts. In each part the free acetyl- 
choline was determined according to the method proposed in this 
paper. One portion was lost. 

The following series was found; 

4.9, 4.8, 4.6, 4.3, 4.3, 4.2, 4.1, 3.9. 3.8; 

Mean value; 4.36 ± 0.12. Standard deviation 0.37 = 7.4 p. c. 

As seen, there is a loss of 13 ± 2.4 per cent of the added amount, 
i. e. practically the same value as found in the series of the pre- 
cursor. 


Summary. 

A method for determination of acetylcholine precursor, free 
acetylcholine, and choline in tissues is described. 
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Rothlin showed in 1923 that the fall in blood pressure caused 
by stimulation of the depressor nerves in the rabbit was greatly 
diminished by ergotamine. Heymans and Reoniers (1929) 
studied the effect of ergotamine on the sinus reflexes and found 
that while the vasomotor reflexes from the sinus region were 
suppressed by ergotamine (0. 25 mg ergotamine tartrate pr kg) in 
the dogj the cardio-inhibitory reflexes persisted or were even 
temporarily reinforced. Using smaller doses, 0.1 — 0.15 mg/kg in 
the cat, Wright (1930) was able to state that the vasomotor 
reflexes from the sinus were abolished, though the dose of ergo- 
tamine was not sufficient to suppress the effect of injected adrena- 
line or else block the peripheral vasomotor mechanism. On the 
other hand central asphyxia was still active in producing a rise in 
blood-pressure. He therefore drew the conclusion that ergotamine 
inhibited the central transmission of impulses on the afferent side 
of the vasomotor centre. Heymans, Regniers and Bouckaerx 
(1930), in a continuation of their previous study, showed that 
when 0.25 mg ergotamine tartrate per kg was injected into a dog, 
the head of which was perfused by another dog, occlusion and 
opening of the common carotids leading to the perfused head had 
no effect on the blood pressmre of the rest of the body. The animal 
was in this case iusensitive even to injected adrenaline, however. 
On the other hand a similar dose of ergotamine injected into the 
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peri'user, thus reaching the centres of the isolated perfused head 
of the other dog, did not suppress the effect of clamping the caro- 
tids to the perfused head, though the rise in blood pressure was 
slower and somewhat reduced. 1 mg of ergotamine tartrate in- 
jected into the third ventricle was effective, however, in this 
respect. The authors concluded from these experiments that the 
effect was chiefly peripheral, though a central action could also 
be demonstrated which they located to the vasomotor centre. 

In man, Nordenpelt (1941) obtained evidence for a suppressing 
action of ergotamine (0.5 mg Gynergen intravenously) on the 
buffer nerve mechanism. Thus the injection caused an average 
increase of 13.0 2.3 mm Hg in the general blood pressure when 

the patients were in recumbent position. On raising to standing 
position the fall in blood pressure was greater than normally, 
especially in patients with orthostatic anaemia, indicating that 
the regulatory mechanism was less efficient. 

The establishment of the fact that small doses of ergotamine 
may completely inhibit the rise of blood pressure caused by occlu- 
sion of the carotids raises the follovdng questions: 

1) Does ergotamine also affect the reflexes elicited by stimula- 
tion of the chemical receptors of the sinus region, and especially 
those connected with the vasomotor system. 

2) Does ergotamine exercise a direct effect on the receptors. 

In order to answer the first question we have studied the effect 

of ergotamine on respiration and blood pressure during hypoxia 
and also the action of the drug on the blood pressure raising effect 
of cyanide which is Icnown to act chiefly on the chemoreceptors. 

A direct answer to the second question could be obtained by 
recording the action potentials from the sinus and glomus receptors 
in the nerve of Bering under experimental conditions involving 
stimulation of the different types of receptors 

Methods. 

In the first part of this investigation the effect of ergotamine tar- 
trate’- was studied on the hyperpnoea elicited by oxygen want and 
on the rise in blood pressure obtained by clamping the common carotids. 

Cats and rabbits were used as experimental animals and anesthetized 
with O.OG g chloralose (cats) or 1.8 g urethane (rabbits) per kg body 
weight intravenously. Respiration was measured quantitatively by 
means of the body plethysmograph previously described by Euler 


1 Sandoz A.-G., Basel, kindly supplied us with “Gynergen”. 
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and Liljesteakd (1936). Aiterial Wood pressiiie-was 
Hg-manometer feom tie femoral artery (cats) or fow^tie 
(rabbits). Injections were made tbrougb tie femoral.vein.' Tie am^ 
were allowed to breathe spontaneously through MiiUbr valves; ' 

In order to control the activity of the pressorecbptofs bbti cafbl^^ 
could be clamped simultaneously by means uf small olips :^hich%diiicL' 
be handled from outside the plethysmograph. - Vrj; 

The chemoreceptors were stimWated by means of gas mixtuf^ fcon-: 
taining 7—15 % oxygen in nitrogen, kept in bags which cpuld'bb aty 
tached to the inspiratory side of the Muller valve. ' ' 

The second part of the investigation included the rec6f^g;bf action- 
potentials from the sinus nerve and the effect of intravenously ;ihjeb^d: 
ergotamme thereupon during various experimental conditions inypiyihg 
stimulation of the stretch receptors and chenaoreceptors. -'The 'piectid-' 
neuxograms were obtained feom cats, anesthetized as above, according 
to the method described by Zottebman (i935)h Blood pressiire; was, 
recorded by means of an elastic manometer connected vuth t^^^^ 
artery. 

The cats either respired spontaneously through a traclicfil 'cannula 
or were artificially ventilated with a Starling respiralory pump, to 
which rubber bags containing the desired gas or gas mi^uie could,,bft; 
attached ' ' ■ 

Injections were made through the femoral vein. ’ ' ' 


»/' t 


Besnlts. 


- 

. , • .• Af. 




A. Effect of Ergotamine on the Carotid Occlusion. Teat' and 
on the Respiratory Reflex Induced by Oxygen .Wani’^0^^^^ 

The effect of ergotamine on the mechanically induce^- sinus 
reflex acting on the blood pressure, and on the cheDoical.reflex 
affecting respiration, is shown by the following e3jieiim^i|^|g 
Cat, 3,45 kg, cWoralose. Mechanical reflex iested.'by clamping 
both carotids; chemical respiratory reflex tested, by, spontaneous 
respiration of 6.8 % and 10.5 % O 2 in Na for about .2 inin. hrgo- 
tamine tartrate 0.1 mg/kg intravenously. ,, 

=■ , ;,-;vBefore 
.. ergotamine 

Increase in B.P. caused by clamping .both carb- • .. 

tide, mm Hg. 


After , 
'ergotamine > 



Eespiratpry y 
pjda . 

ij^Bpif'i^-r’rv Vnl’ju’-e 1 p(?r minute during hypoxia 
Per v '-' in rc-piralorj' volume 

Dri^Yi Zbib'rnTiiAX Idhdly placed his recording sot at our disposal. 
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It is evident from this experiment that clamping the carotids 
gives a much smaller effect after ergotamine, even in small doses, 
than before, Avhereas the chemical respiratory reflex shows no sign 
of being weakened. On the other hand the “resting” respiratory 
volume gradually diminished, probably owing to central depression 
as in the experiments by Euler (1938). A peripheral blocldng did 
not occur as shown by the fact that adrenaline was still effective 
in a dose of 40 //g injected intravenously. 

In another experiment where the rise of blood pressure, following 
bilateral clamping of- the carotids, amounted to between 30 — 40 
mm Hg, a dose of only 0. 01 mg ergotamine tartrate per kg reduced 
tlie rise to 8 mm Hg. In the same animal the increased ventilation 
following hypoxia was not influenced, the increase amounting 
to about 60 %. In two other cats and in the rabbits the results 
were essentially similar, the occlusion pressor effect being greatly 
reduced after doses of 0. 1 mg/kg. 


B. Effect of Ergotamine on the Chemical Vasomotor Beflex 
Elicited by Oxygen Want and Cyanide. 

A reflex rise of blood pressiure as a result of stimulation of che- 
moreceptors was first demonstrated for synaptotropic substances 
and cyanides by Heymaxs, Boucicaert, Euler and Dautre- 
BAXDE (1932). The effect of oxygen lack in this respect was later 
shown by Winder, Berethal and Weeks (1938) and Bjurstedt 
and Euler (1943). Though the effect is hardly noticed under 
ordinary experimental conditions it may become spectacular under 
certain circumstances. Thus Euler and Liljestrakd (1943) 
recently showed that occlusion of the common carotids gives a 
markedly increased effect when the animal .is made to breathe a 
gas mixture poor in oxygen. The carotid occlusion in this case 
will cause hypoxia in the sinus region besides the lowering of 
intrasinusal pressure, both effects co-operating to increase the 
blood pressure. 

As stated above a certain rise in blood pressure often follows on 
clamping the carotids in the cat even after ergotamine. This is 
illustrated by Pig. 1 D and E and also by Pig. 2 and 4. It might 
be argued that this effect is due to an incomplete inhibition of the 
sinus baroceptor reflex by the small dose of ergotamine used. 
This is not the case, however, since it could be shown that the 
effect completely disappears (but for the mechanical haemo- 
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Fig. 1. Cat, 3.45 kg, chloralose. Upper curve respiration, lower curve blood 

pressure. 

A. Increased respiration on administering 6.8 % oxygen in nitrogen. Carotid 
occlusion during hypoxia jj. 

B. Occlusion test during oxygen r"'! '}"-oo+v.ir.(*_ 

C. Occlusion test during oxygen • .. after 0.1 mg ergotamine 

tartrate i.v. per kg. 

D. Same during air breathing. 

E. Same during breathing of 10.5% oxygen in nitrogen. 

dynamic rise) when the animal is allowed to breathe oxygen 
(Fig. 1 C and 2). In fact, the occlusion pressor effect after ergota- 
mine may or may not appear during ordinary breathing of air, 
depending on the degree of hypoxic stimulation caused by the 
clamping of the carotids, which in its turn depends on the in- 
tensity of ventilation and the general blood pressure level. If 
absent, the occlusion effect then may be called forth by admini- 
stration of a gas mixture poorer in oxygen. The explanation of 
the occlusion effect along these lines also gains support by the fact 
that the pressure response closely parallels the chemoreflex sti- 
mulation of the respiration, as shown in the figures. 

After bilateral vagotomy the chemical reflexes on the blood 
pressure and on the respiration elicited by occlusion hypoxia are 
still present. In the experiment, to which Fig. 2 refers, a specially 
marked effect was obtained by letting the animal breathe 16 % 
oxygen in nitrogen. No effect on the blood pressure resulted from 
carotid occlusion during oxygen breathing. 

When in addition both sinus regions had been denervated the 
respiratory effect of carotid clamping disappeared (Fig. 3 A). 
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Still some effect on the blood pressure remained, however, which 
must be regarded as centrally induced. The effect disappeared 
when artificial respiration with air was given to an extent, 
sufficient to raise the blood pressure to the pre-denervation level. 
As a matter of fact the blood pressure could be changed at 
will from an}i,'hing between 50 and 130 mm Hg in the sinus 
dencrvated animal simply by adjusting the artificial ventilation 
or by administering gas mixtures more or less rich in oxygen 
during spontaneous breatliing. It is not quite clear, however, 
why central hypoxia due to carotid occlusion should raise the 
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Fig. 2, Siimo cxporiraent os in Fig. 1. After ergotnmine tartrate 0.1 mg/kg 
and bilateral vagotomy. Carotid occlusion during a) hypoxia (15 % Oj in N.) and 
b) oxygen breatliing. Xotc parallel effects on ventilation. 


general blood pressure after sinus denervation whereas general 
oxygen lack causes a fall. Possibly the cause of this difference 
is that the degree of oxygen want and to the accumulation of 
acid metabolites in the centres do not run parallel. 

Like oxygen want cyanides are cajiable of inducing a reflex 
stimulation of respiration (Hey.alans, Bouokaert and Dautre- 
BANDE, 1931) and of the vasomotor system (Hevmans, Boucka- 
ert, Euler and Dautrebande, 1932). 

The administration of 0.5 mg potassium cyanide intravenously 
produced, even after ergotaminc, a marked stimulating effect on 
respiration and blood pressure, shovdng that the chemoreflex 
system was still functioning well (Fig. 4). As a control the injection 
was repeated after complete denervation of the reflex regions. 
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Fig. 4. Same experiment as in Fig. 1. o;> min. after O.l mg ergot.amine tartrate 
per kg. a) 0..’i rag KGX i.v. j] carotid occ1u.sion. b) 0.05 mg nicotine tartrate i.v. 


C. Effect of Ergotamine on the Action Potentials 
in the Sinus Nerve. 

The two types of receptors in the sinus region, those responding 
to mechanical stimuli in the sinus proper and the chemoreceptors 
in the carotid body give rise to different 137)68 of action potentials 
in the sinus nerve as demonstrated b}' Hbymans and Rijlant 
(1933), Bogue and Stella (1934, 1935), ZoTTER^LAN (1935), and 
more recentl}* Euler, Liljestrand and Zotterman (1939). 
The doubts expressed b}' Scu.midt and Comroe (1940) as to whether 
the chemical potentials arc actually set up in the chemoreceptors 
of the carotid bod}’ have clcarl}’ been shown to lack an evidential 
basis (Euler and Zotterman 1942). 

In the present investigation it was found that the large pressure 
"spikes” were not reduced in frequcnc}’ or else affected as a result 
of injections of ergotamine (Eig. 5 a, b), even in doses of 0. 25 mg/kg, 
although the blood pressure response to lowered intra-carotid 
pressure was greatly reduced as controlled by manometer readings. 
Ergotamine in itself caused a temporary elevation in general 
blood pressure and this, as under normal conditions, gave rise to 
an increased amount of pressure impulses. Likewise the strong 
rise in blood pressure, caused by injection of 0.1 ml Veritol greatly 
increased the frequency of the pressor impulses (Fig. 5 d). 

9 — i^i3582. Acta phya. Scandinav. Vol.8. 
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Pig. 5. Electronetirogram from the Birms nerve of a cat. Constant artificial 

respiration. 

a) air, before ergotamine; 

l>) 7% oxygen in nitrogen, 7 min. after 0.1 mg ergotamine tartrate i.v. per kg. 

c) air; 

d) air, during rise of blood pressure after i.v. injection of 0.1 ml Veritol (2 mg 
/S-(p-oxyphenyl)-isopropylmetylamine). Time marking 1/50 sec. 


The increase in, the electrical discharge consisting of small po- 
tentials, produced by hypoxia, still persisted after adroinistration 
of ergotamine (Fig. 5 b) even in doses of 0.5 mg per kg body weight, 
which was in accordance with expectation, since the chemical 
reflexes were left patent. 

It follows from this that the inhibition of the sinus stretch reflex 
is not on the receptor system but must be sought for in the central 
transmission system. 

Discussion. 

The question as to the mechanism of action of ergotamine on 
the vasomotor effects elicited from the buffer nerve receptor re- 
gions seems to be intimately connected with the dose of ergota- 
mine used.’Whereas larger doses, sufficient to block the peripheral 
action of adrenaline or direct vasomotor stimulation, necessarily 
must strongly reduce the effect of carotid occlusion on the vago- 
tomized animal, a small dose, found to inhibit the pressor reflex, 
must act in a different way. As to the mimmal dose of ergotamine 
required to inhibit the blood pressure reflexes from the moderator 
nerves, it has been observed that even dose.s of 0.01 0.1 mg/kg 
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may effectively prevent tlie reflex in tlie cat or the dog (Heymans, 
Eegniers and Boeckaert, Wright). Our results are in accord 
•with these findings. It is obvious that doses of this order are not 
capable of producing a peripheral blocking of the vasomotor 
system and it follo-ws therefore that the effect must be located 
elsewhere. An action on the pressor receptors is rendered less 
probable already by the fact that reflex slowing on the heart 
may still be elicited by stimulation of the pressor receptors in the 
sinus (Heymans and Eegniers). Our experiments have, indeed, 
directly demonstrated that the pressor impulses in the sinus nerve 
are patent after ergotamine. 

The fact that glomus hyjioxia, cyanides and central asphyxia 
still may produce a reflex rise in blood pressure, though hypoten- 
sion as such in the sinus is ineffective after a dose of ergotamine 
of the order of 0.1 mg/kg, indicates that the block is not on the 
efferent side of the vasomotor centre. It thus seems necessary to 
assume an elective action on a special part of the central trans- 
mission system. T\Tiether or not the action is located to some part 
of the vasomotor centre or to some s}Taapse on the afferent side 
does not seem to be a case of easy decision. The interesting point 
is, however, that the reflex impulses elicited by chemical stimuli 
still find their way to cause a reflex rise in blood pressure, whereas 
the stretch reflex system is blocked, in spite of the fact that the 
nervous paths would be assumed to coincide at least partly. 

Our experiments have shown that small doses of ergotamine 
are sufficient to prevent the quick phase in the rise of blood pres- 
sure folio-wing carotid occlusion. Using higher doses it was also 
possible, however, to reduce the chemical vasomotor reflex before 
any blocking effect on the action of injected adrenaline could be 
noticed. Thus even the chemical reflex system may be inhibited 
by ergotamine as to its vasomotor part, whereas the respiratory 
reflex paths stiU remained in function. If “occlusion hypoxia” is 
the cause of the remaining blood pressure rise after small doses of 
ergotamine also in the dog, the effect shewn in Fig. 3 in the paper 
of Hey man s, Eegniers and Bouckaert (1930) would be due 
to a stimulation of the chemoreceptors acting on the vasomotor 
system. Thus the case might be that the stretch receptor reflex is 
suppressed, whereas the “chemical” reflex persists. The reason 
for the unusually strong appearance of this reflex, elicited by 
occlusion hypoxia after ergotamine, would then be sought in the 
absence of the normal moderator effect from the baroceptors. 
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The suppressing action, of ergotamine in small doses on the 
moderator nerve mechanism has proved of great practical value 
in routine laboratory experiments when blood pressure active 
substances are tested. Sometimes the abolishment of the presso- 
regulating system will impose as a greatly increased sensitmty for 
the substances in question, and further, as an added advantage, 
the smoothing effect on the blood pressure curve is registered. 

Summary. 

Ergotamine in small doses (0.1 mg/kg) inhibits selectively the 
carotid sinus pressor reflex, elicited by lowering the intra carotid 
pressure, whereas the response to chemical stimuli, such as hypoxia, 
cyanides, or nicotine, still can be obtained, not only on respiration 
but also on the blood pressure. 

If a pressor response to carotid occlusion still occurs after 
ergotamine, it disappears when oxygen is administered. The effect 
in the former case is then due to occlusion hypoxia which stimu- 
lates the chemoreceptors connected with the vasomotor system. 

It could be shown that the abolishment of the sinus pressor 
reflex, following administration of ergotamine, is not due to an 
effect upon the receptors, since the action potentials set up in the 
sinus nerve by the intrasinusal pressure can still be elicited. 

Treatment of the experimental animal ^vith small doses of ergo- 
tamine affords a convenient way of suppressing the sinus and 
aortic presso-regulating system. 

This work has been aided by a grant from the Therese and 
Johan Andersson Memorial Eoundation. 
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Ifacliweis yon Prontosil soluTbile 
in iiistologisclieii Gewebssclmitten niit Hilfe 
der Fluoreszenzmikroskopie. 

Von 

STURE HELANDER. 

Eingegangen am 4. Mai J944. 


Der Nacliweis eiixes Pliarmakons lustologischen Sclinittep, 
und zwar derart, dass die Lokalisatioa desselben nickt nur in den 
verscliiedenen Organen and Geveben, sondern aucb in der einzel- 
nen Zelle unnaittelbarer Walirnebmung im Mikroskop znganglicb 
gemacbt vrird, besitzt unter vielen Gesicbtspunkten ein gewisses 
Interesse. Mttels einer derartigen Metbode konnen ja solckePro- 
bleme ‘vrie Wege der Eesorption, Verteilung im Organismns xind 
in den Zellen unter verscMedenen Bedingungen sowie Aussckei- 
dung der betreffenden Substanz in Angriff genommen werden. 

Bei bistopbarmakologischen Untersuckungen fiibrt die gewohn- 
licke Mstologiscke jlletkodik aus leicbt begreiflichen Griinden 
nicbt zum Ziel. 

Die in letzter Zeit weiter ausgebaute Altmannscke Gefrier- 
vakuumtecbnik zur Pixierung von Organpraparaten (Gersh 
1932, 1938, Hoerr 1936, P. SjostraisD und T. Sjostrand 1938, 
SniPSON 194:1 sovrie P. Sjostrar’d 194:4) geniigt indessen den 
Anforderungen, ’^velcbe vernunftigertveise an eine derartige bisto- 
pbarmakologiscbe Tecbnik gestellt verden konnen. 

Zur Darstellung von Pbarmaka in Gewebsscbmtten eignet 
sicb besonders die Pluoreszenzmikroskopie, da sicb bei dieser 
Eingriffe eriibrigen, welcbe die Lokalisation der Substanz ver- 
andern konnten. Verf. (1943) bat in Elurze ein Verfabren ange- 
geben, "welcbes den Naobweis von u. a. Sulfatbiazol in bistolo- 
giscben Scbnitten mittels der Pluoreszenzmikroskopie gestattet. 
Dadurcb ist es moglicb gevrorden, u. a. die Eesorption des Sulfa- 
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tliazols diircli die NasenscUeimliaut zu verfolgen (Helander 
Richtneb, F. Sjosteand, T. Sjostband 1943). 

Bei -vreiteren TJntersuchungen erwies sicli Prontosil solubile als 
zu diesbeziiglicben Studieu hervorragend geeiguet. 

Frtiber batte Hackjian (1942) eiue Metbode bescbriebeu, dieses 
Medikament mit Hilfe seiner intensiv roteu Eigenfarbe in Gewebs- 
scbnitten nacbzuweisen. Die Praparate waxen dabei in einem 
Atber-Koblensaurescbneegemiscb gefroren und dann im Yakuum- 
exsikkator uber Pbospborsain-eanbydrid entwassert worden, d. h. 
es war von Altmanns urspriinglicbem Gefrier-Trockenverfabren 
Gebraucb gemacbt worden. 

Eerner wurde uber eine Metbode bericbtet, eine Reibe von 
ungefarbten Verbindungen in Azofarbstoffe iiberzufubren. 

Das fluoreszenzmikroskopiscbe Verfabren ist aber wesentlicb 
empfindlicber und aucb in mebreren anderen Beziebungen vor- 
teilbafter. Der Arbeitsgang ist dabei folgender: Unmittelbar 
nacb der Totung des mit Prontosil solubile bebandelten Ver- 
sucbstiers werden Heine Stucke derjenigen Organe und Gewebe 
welcbe man zu untersucben wiinscbt, entnommen und in fliissiger 
Buft gefroren. Dann werden die Praparate im Kiiblscbrank bei 
— 40° C valcuumgetrocknet, wobei die Wasserdampfe von Pbos- 
pborsaureanbydrid aufgenommen werden. Hierauf werden die 
Praparate in Paraffin eingebettet, gescbnitten, trocken auf Objekt- 
trager gelegt und sind damit obne Auslaugung des Paraffins zur 
mikroskopiscben Untersucbung fertig. Beziiglicb naberer Einzel- 
beiten dieser Teclinik Avird auf E. Sjosteand (1944) verwiesen. 
Bei dieser ausserst scbonenden Bebandlung werden alle die Eebler- 
quellen vermieden, welcbe die zabbeicben Losungsmittel der 
gewobnlicben bistologiscben Tecbnik mit sicb bringen. 

Im gewobnlicben Licbt findet man da, dass sicb diejenigen 
Teile der Scbnitte, welcbe grossere Mengen von Prontosil solubile 
entbalten, durcb ibre rote Earbe von der scbwacb gelblicben 
Umgebung unterscbeiden. Nabere Einzelbeiten der Lokalisation 
lassen sicb jedoch obne Ear bung der Praparate scbwer feststellen. 

Im Eluoreszenzmikroskop (Verf. bat Reicberts grossen Eluo- 
reszenzapparat Lux IT. V. angewendet) wird das Bild allerdings 
bei weitem reicbhaltiger. Gegen die tiefblaue Earbe der Gewebe 
sticbt namlicb das Prontosil solubile mit seiner intensiv scbarlacb- 
roten Eluoreszenzfarbe ausserst scbarf ab, und man entdeckt 
jetzt diese Substanz aucb dort, wo sie in den einzelnen Zellen 
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in sehr Heinen Mengen vorkommt, nnd wo man im gewohnlichen 
Liclit nicM die geringste Spur derselben sehen konnte. 

Dank der Eigenfluoreszenz der Gewebe bietet die Lokalisation 
keinerlei Schwierigkeiten, da die meisten Eormelemente ebenso 
deutlicb bervortreten, "wie in gefarbten Praparaten. 
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Among the substances which build up the striated muscles, 
the adenylic acids, in view of their characteristic ultraviolet ab- 
sorption spectrum, afford particularly good facilities for direct 
localization and determination of the concentration in the cell 
structure. The purin group in these adenylic acids has a well- 
defined absorption maximum at 2 600 A. The other constituents 
of the molecule, namely the sugar and phosphoric acid, have no 
influence on the absorption spectrum. As macrochemical investiga- 
tions have shown that about 95 per cent, of all the nucleotides 
in the resting striated muscles consist of adenylic acids, and that 
free purins or other substances with a similar absorption type 
occur merely in very minute amounts, a characteristic nucleotide 
absorption spectrum in resting muscles is an almost certain indi- 
cation of the presence of adenylic acids. 

The large amount of phosphoric acid contained in the adenylic 
acids might also be used for localization of those substances. 
Adenosin triphosphoric acid contains about 48 % phosphoric 
acid. On micro-incineration of a section of striated muscle, the 
adenylic acids will therefore yield large amounts of ash. It has 
previously been shown by the author that, as regards the poly- 
nucleotides (with about 25 % phosphoric acid) of the cell nucleus 
and cytoplasm, there is an evident correlation between ultra- 
violet absorption and amount of ash (Engstkom, 1943). The con- 
centration of nucleic acids in the said cell structures varies con- 
siderably. For example, the nucleolus in the spinal ganglion cells 
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(type II) of LopMus piscatorius, according to Hyden (194:S)> 
has a concentration of 0.7 -lO"” whereas the nucleic acid 

concentration in the basal parts of the exocrine gland cells in 
the pancreas amounts to about- 4 • 10“^' mg per (Caspersson, 
Landstrom-Hyden and Aquilonids, 1941). These last men- 
tioned cell parts yield very large amounts of ash, but the ash left 
by the nucleolus in the spinal ganglion cells of Loplm^ piscatorius 
is also distinctly visible. 

According to macrochemical investigations, striated mamma- 
lian muscles contain, on an average, about 0.1— -0.2 % adenylic 
acids, which corresponds to 0.1— 0.2* 10"” mgjp,^ (For references, 
see Fenn, 1936). With ultraviolet absorption measurements, 
Caspebsson and Thorell (1942) found, in the striated muscles 
of certain invertebrates, a percentage of adenylic nucleotides cor- 
responding well with the macrochemically found amounts in 
mammals. The ash left by the adenylic acids, on micro-incineration 
of a section in which they have not been liberated, should thus he 
visible even if the adenylic nucleotides are equably distributed over 
the whole muscle fibre. Now, according to Caspersson and Thorell 
(1942), the adenylic acids are mainly concentrated in the isotropic 
segments. In those segments, therefore, the amount of adenylic 
acid per will thus be considerably larger than the average value 
given above. Moreover, as the major part of the adenylic acids 
is found in the form of adenosin triphosphoric acid (with about 
48 % phosphoric acid, as compared with about 25 % in the 
other nucleotides), it will be understood that the ash left by the 
selectively ultraviolet-absorbing segments in the striated muscle- 
fibres should be distinctly visible in a micro-incinerated prepara- 
tion. 

A number of investigators, on micro-incineration of striated 
muscles, found that the striated structure was well preserved in 
the ash (Tschopp, 1929, Scott, 1932/33, Kruszynski, 1938, 
Carey and Zeit, 1939, Loreti, 1940, etc.) Scott, having made 
such an observation, on micro-incineration of the rectus muscles 
of cat, and, after comparing the micro-incinerated and the 
adjacent hematoxylin-stained section, maintained that the ash 
was derived from the anisotropic segments. Ejruszynski’s inves- 
tigations were made on material where the muscle partitions were 
somewhat higher than in normal mammalian musculature. He 
found that the ash consisted of short little rods, alternating with 
spaces almost free from ash, and contended that it was derived 



LOCALIZATION OP MINERAL SALTS IN STRIATED MDSCLE-PIBRES. 139 

from tlie myofibrils. After comparison between normal and con- 
tracted tissue, be expressed tbe view that tbe asb was yielded by 
tbe anisotropic segments. In satisfactory preparations, tbe said 
authors sometimes found in tbe asbfree area a fine streak of asb, 
wbicb was interpreted as Z. 

Thus, tbe metbods adopted by tbe investigators wbo have re- 
sorted to tbe micro-incineration of striated muscles with a %dew to 
tbe localization of tbe asb are comparison between tbe micro- 
incinerated and tbe adjacent stained section and studies over con- 
tracted muscle tissue. 

These metbods, however, are by no means satisfactory, espe- 
cially as regards muscles vdtb very low partitions. In order to deter- 
mine with certainty jrom what segment the ash is derived, the correla- 
tion between the ash and the segment must be sought in one indentical 
section. Tlie position of the segments should accordingly be deter- 
mined, prior to microincineration, in relation to well-defined refe- 
rence points, wbicb after the micro-incineration can be clearly 
observed in tbe spodograra. A suitable procedure is first to photo- 
graph tbe unstained section in ultraviolet light and then to micro- 
incinerate tbe same section. Nucleoli (or some other outstanding 
cellular constituent) should be selected as reference points. 

To use contracted muscles in order to locate tlie segment wbicb 
has yielded tbe asb is likewise a highly unsatisfactory method. 
During tbe contraction very marked changes take place in the 
distribution of the substances wbicb build up tbe striated muscles. 
For example, according to Caspebsson and Thobell (loc. cit.), 
tbe adenylic acid in tbe isotropic segments migrates, down tbe 
myosin fibres, to the anisotrojiic segments. 

In order to ascertain from what segment in tbe striated muscles 
tlie asb is derived, such muscles have been examined by the autlior 
until ultraviolet photography, followed by micro-incineration of the 
same section. With a \dew to secure clear results, tbe muscles 
used in seeking this correlation were those in which tbe partitions 
were higher than in normal mammalian muscle. Suitable objects 
of investigation are, for example, tbe bone muscles from certain 
diptcran flies (especially Drosophila funebris) and tbe longitudi- 
nally running subcutaneous muscles of certain dipteran larvae 
(Chironomus Thummi). Tbe striated muscles of frogs and rats 
have also been examined. In some cases recourse was bad also to 
ultraviolet absorption measurements and examination in pola- 
rized light. 
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Techiiic[ue. 

Ultraviolet Microphotograpliy and Examination 
in Polarized Light. 

The apparatus for ultraviolet microphotography consisted of a 
microscope with a quartz system according to the method of Kohler 
and the monochromatic light used had a wave-length of 2 570 A, at 
which wavelength the nucleic acids reach their absorption maximum. 
In a few cases the wave-length 2 750 A was also used. 

The tissues, embedded in paraffin, were sectioned and mounted on 
plane quartz plates and cleaned in bichromate sulphuric acid. Pre- 
vious to the ultraviolet photography, the paraffin was removed with 
chloroform and the preparation was then transferred, via absolute 
alcohol, into doubly distilled glycerine. 

With a view to the examination of the thigh muscles of Drosophila 
funebris, the flies were anesthetized with ether or chloroform and the 
muscle bimdles were dissected under a dissection microscope and were 
then photographed, in a live state, on quartz plates, at 2 570 A. These 
preparations were thus not exposed to the chemical action of any 
fixative. 

In the ultraviolet photography of the unstained preparations of 
striated muscles a maximally open condenser diaphragm was employed. 
According to Caspersson and Thoeell (1942), the visible striation is 
then partly determined by a real absorption of light and not only by 
refraction, as in visible light. The said authors found that the striation 
was best marked at 2 500 — 2 850 A. Below 2 400 A and above 2 950 A 
the striation was scarcely observable, which indicates that the picture 
produced is due to light absorption. However, in order to ascertain by 
what substances the light absorption is entailed, complete ultraviolet 
absorption spectra of the various structures must be taken (see below). 

In cases where the same section was to be photographed in ultra- 
violet and in polarized light, the rock crystal plates could not be used, 
as they are doubly refracting. Instead, rdtraviolet transparent, non- 
doubly refracting glasses from Schott, type WG 8, were employed. 
These glasses had the drawback that they were not well suited for micro- 
incineration, as they were liable to changes during the heating. The 
photography in polarized light of the same cellular constituent which 
had previously been photographed in ultraviolet light was made, in 
the usual way, with crossed Nicol’s prisms. 


Absorption Measurements. 

The measurement of the ultraviolet absorption spectra was made 
with the apparatus and technic devised by Casperssox (see Caspers- 
SON, 1940). In regard to the analysis of the curves obtained and details 
of the absorption measurement, the reader is referred also to Caspeks- 
soN 1936, 1940 and Casperssoh and Thoeell, 1942. 
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Micro-Incmeration. 

The micro-incineration was carried out in an electric furnace, the 
construction of which is shown by Fig. 1. The heat-insulated walls 
of the furnace chamber are made of well burnished, stainless steel. The 
chamber can be made gas-tight bj’- frimly screwing up a shutter with an 
aluminium packing. As the aluminium has a higher coefficient of 
e.xpansion than the screws, the chamber will be perfectly gas-tight when 
the temperature in the furnace has risen. In order that the combustion 
may proceed in different gas atmospheres, the furnace chamber is 
provided with tu’o tubes. The thermo-element is inserted in the tube at 
the rear. 



In order to locate the structure from which the ash was derived, 
the same section which had previously been photographed in ultra- 
violet light was incinerated. For this purpose, the glycerine was com- 
pletely removed with absolute alcohol. In some cases, sections were 
micro-incinerated without previous photography in ultraviolet light. 
As regards the last mentioned sections, the paraffin was removed with 
chloroform. 

As regards the muscles from Drosophila funebris, the fibres were 
dissected without the use of any isotonic solution, and were imme- 
diately incinerated. 

The incineration temperature was maintained at about 500 degrees 
centigrade; the duration of the combustion varied with the thickness 
and nature of the incinerated material. The sections were incinerated 
in a closed space in the presence of air. 

The optical examination of the ash was made with the aid of a Zeiss 
cardioid condenser. 
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The Heat Stability of Some Compounds 
of Phosphoric Acid. 

From the data obtained in the macrochemical analyses of striated 
muscles, it may be anticipated that, after the incineration of striated 
muscles, the anions in the ash will consist mainly of phosphates. It 
seems therefore desirable to discuss the heat stability of certain com- 
pounds of phosphoric acid. 

In striated muscles from frogs, the cations, as compared with the 
anions, show a surplus of 130 milli-equivalents to 80, per kg of healthy 
tissue (Fenn, 1936). The percentages of the principal cations and the 
total content of phosphorus in striated muscles from frogs are shown in 
the folloAving table (Fenn, 1936, Dubuisson, 1942). 


g 1 

Na j 

Mg 

Ca 

Total P 

0.32 

O.OG 

O .02 

0.02 

0.15 — 0.20 


The values in the table are in percentage of moist substance. The 
major part of the phosphates after the micro-incineration is probably 
obtained in the form of meta- and pyro-phosphates (see below). In that 
case the cations would presumably suffice to bind the greater part of 
the phosphorus, even the organic phosphoric acid liberated on incinera- 
tion in the form of inorganic phosphates. 

Ashton (1936), in his study of the phosphorus content in vege- 
table material, contends that no phosphates are lost on heating to 600 
degrees centigrade. Baginski (1938) states that the orthophosphates 
of the alkaline metals are converted into pyrophosphates on heating 
to 500 degrees. Norberg (1942), in elaborating an ultramicro method 
for the determination of phosphorus in biological material, thoroughly 
investigated the importance of the mineralization. In model experi- 
ments with IIH 2 PO 4 (amounts of O.i — 1 . 10-2 mg), Norberg found that, 
after heating to 500 degrees centigrade for one hour, 62 per cent, of the 
phosphorus in the samples was recovered. 

In model experiments with KHoPO^ (amounts of about 100 mg), 
the loss of weight, after heating to the same temperature as that used 
for the micro-incineration, was 13. g — 13. s percent. This corresponds 
well to the formation of KPO 3 , when a loss of weight of 13 . 2 % is entailed 
by the elimination of the water. The ortho- and pyrophosphates merely 
lost their water of crystaUization, On the combustion of sodium thymo- 
nucleate (amounts of about 10 mg), a residue consisting, as to 25 per 
cent., of dry substance was obtained. If we reckon with a formation 
of Na PO3, this residue would amount to about 26 per cent. 

From the above it thus follows that the major part of the phosphates 
is retained, on micro-incineration. 
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Experimental Results. 

Chironomus Thummi. 

In order to be in a position to compare the ultraviolet and 
micro-incineration pictures in the same identical section and to 
determine mth certainty from what cellular structure the ash is 
derived, one should use a material in which the muscle partitions 



a 1} 

Fig. 2. 

a. Fltra'V'iolet pictures of an unstained preparation of a few muscle fibres from 
Chironomus Thummi. The photographs taken at 2570 A, with a maximally open 
condenser diaphragm. It will bo noticed that the absorbing substance is located in 
certain segments. In the lower picture it can be observed that the absorbing sub- 
stance is concentrated at the edge facing the weakly absorbing segments. A fine 
absorbing streak runs in the middle of the light segments. 

b. The same sections after micro-incineration, photographed in the dark field. 
The upper picture clearly shows that the ash is derived from the intensely absorb- 
ing segments, whereas those segments which are not selectively absorbing are 
practically free from ash. The line is drawn between two well-defined points in 
the preparation. The two lower pictures likewise distinctly show that the ash is 
yielded by the intensely absorbing segments. In the ash-free segments, which 
correspond to the non-absorbing ones, a fine streak of ash is observed. The arrow 
indicates identical points in the muscle fibres. Magnification 200 X (the lower ash 
picture somewhat less). 
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are, relatively speaking, of considerable height. A material parti- 
cularly veil suited for this purpose vas found to be the longitu- 
dinally running musculature in the larvae of Ghirommus Tlmmmi. 
In some muscle fibres the partitions are 15 fji or more in height, 
whereas in other fibres the height of the inocommata is consider- 
ably less. 

The ultraviolet picture shows that the muscle fibres are built 
up of alternating dark and light segments. In the darker segments 



Kg. 3. Absorption spectra of an intensely absorbing (isotropic) segment, I, and 
a xv'eakly absorbing (anisotropic) segment, A, adjacent to one another. Chironomus 
Thummi, thickness of section 7 a. (Compare the text). 

the absorbing substance is often concentrated at the edge facing 
the less intensely absorbing segments. In the middle of the non- 
absorbing segments, a fine absorbing streak can sometimes be 
observed (see Fig, 2, ultraviolet picture of unstained preparation 
at 2 570 A.). In order to obtain some idea as to the nature of the 
absorbing substance, ultraviolet absorption spectra were taken of 
dark and light segments. The result of such a measurement of a 
dark and light segment, adjacent to one another, is shown in Fig, 3, 
The dark segment, in accordance with the investigations of 
Gasfebsson and Thorell, shows a distinct maximum at 2600 A, 
indicating the presence of nucleotides. The light segment gives an 
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almost pure protein spectrum. The protein content is about the 
same in the two segments. The curves also show that the difference 
in absorption between the different segments is most marked at 
about 2 600 A. Below 2 400 A and over 3 000 A the two curves 
approach one another. This signifies that the striation which is 
visible in an ultraviolet microphotograph taken at 2 570 A (see 
the section on technique) is largely due to a real light absorption, 
caused by nucleotides. In this res- 
pect it contrasts with the picture 
of the striations obtained from an 
unstained preparation in visible 
light. The latter picture results 
solely from differences in refraction 
between the different segments. 

The statement made by Cas- 
PERSSON and Thorell (loc. cit.) 
that it is the isotropic segments 
which absorb intensely could be 
confirmed by the author. An 
ultraviolet and double refraction 
picture from one identical section 
is shown in Fig. 4. The lines for 
the identification of the segments 
are drawn from well-defined points 
in the preparation. 

Fig. 2 shows also the correlation 
between the ultraviolet absorption 
and the ash content in one and the 
same section. It strikingly shows 
that the ash is derived from the ultra- 
violet absorbing segments. In such segments it can sometimes be 
observed that the ash in certain places is concentrated at the 
edge facing the segments yielding less ash. The narrow absorbing 
streak in the middle of the light segments is seen also in the ash 
picture. The light segments othenoise are 'practically devoid of ash. 

Summing up, it may thus be stated that in the striated muscles 
of Chironomus Thummi there is a distinct correlation between 
ultraviolet absorption and ash content, in that the intensely 
ultraviolet absorbing, isotropic segments regularly yield ash. The 
anistropic segments, which are not selectively absorbing at 2 600 A, 
are practically devoid of ash. 

10 — i43582. Acta pliys. Scandinav. Vol.8. 



a b 

Fig. 4. 

a. Ultraviolet picture (2570 A) 
from a section of the subcutaneous 
muscles of a Chironomtis larva. 

b. Double refraction picture, 
in visible light, of the same sec- 
tion. The lines are drawn from 
well-defined points in the prepara- 
tion. The picture shows that the 
weakly absorbing segments are 
the anisotropic ones. Magnifica- 
tion: a. 300 X, b. circa 200 X. 
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Drosophila Punebris. 

The leg muscles of Drosophila funehris afford good opportuni- 
ties for experiment, as the indmdual muscle fibres can be free- 
dissected under a dissection microscope and their structure exa- 
mined, without having been subjected to any fixative or solvent. 



d 1> 

Fig. 5. 

a. Muscle fibres from Drosophila directly prepared and photographed in a 
living state at 2 570 A. 

b. Incinerated muscle fibres from a fruit-fly, photographed in the dark field 
Magnification: a. 720 X, b. 500 X. 

Fig. 6 a. shows a few muscle fibres from the fruit-fly prepared 
in the above described manner and immediately photographed, in 
a live state, in ultraviolet light with a wavelength of 2 570 A, whilst 
lying in a physiological salt solution on a quartz plate. It can be 
distinctly seen that the ultraviolet absorbing substance, which, 
as found by Caspersson and Thorell, consists of nucleotides, is 
located in certain segments. According to those authors, they cor- 
respond to the isotropic segments. The segments which come out 
dark on the ultraviolet photograph are separated by light ones — 
the anisotropic segments. 

Fig. 5 b. shows a few other muscle fibres from a firuit-fly, 
incinerated immediately after preparation. It will be noticed that 
the striated structure is well preserved and that segments rich in 
ash alternate with those which are practically devoid of ash. As 
it is not possible to obtain an absoutely certain correlation between 
ultramolet absorption and ash content in such detached muscle 
fibres, sections of fruit-flyes were also used. The flies were fixed 
in accordance with Gersh’s freezing drying method. The results of 
comparison between the ultraviolet and ash pictures correspond 
to what has been stated above. 
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The experiments sliow that, in fixed material from CMronomus 
Thmmi, there is a distinct correlation between ultraviolet ab- 
sorption and ash content. In order to avoid the source of error 
which might arise from the possible dissolution of some substances 
during the fixing or subsequent treatment (that this was not the 
case with the aden}dic acids is evident from the absorption curves), 
fresh, direct!}^ prepared muscle fibres {Drosophila funebris) which 
had not been subjected to any fixative or solvent were micro- 
incinerated. In these preparations the striated structure was dis- 
tinctly visible and segments rich in ash alternated with those 
which were practically 
devoid of ash. Seeing that 
certain segments in the- 
directly -prepared muscle 
fibres, treated without any 
fixative or solvent, were 
practically free from ash, 
the segments rich in ash 
jnust be of the same nature 
as those in fixed tissue, 
atid thus isotropic. 

Frog Muscles, 

As a large number of 
macrochemical analyses 
have been made on frog 
muscle, striated muscles 
from frogs were also in- 
vestigated, with a view to 
comparison of the results 
with the values obtained 



in the present study. 

Owing to the low height 
of the muscle partitions, 
it is not possible to make 
an absorption measure- 


2*00 0600 SSOO SOOO 0200 

Woretength A 

Fig. 6. Absorption spectrum of section (thick- 
ness 7 It) from striated frog muscle. Taken with 
such small resolving power that the striation 
has no influence on the course of the curve. 
See the text. 


ment of an individual seg- 


ment. Instead, a larger area w^as measured with an objective of 
such small resolving power that the striation had no influence. 


The result thus obtained is shown in Fig. 6. After correction for 
light-dispersion and reflection, it consists of a protein curve with 
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a superimposed nucleotide curve. Tlie interpretation of the curve 
presents certain difficulties in regard to the calculation of the 
light-dispersion and reflection. In this case, evidently, we are not 
concerned solely with losses of light-dispersion according to 
Rayleigh’s law: a rather considerable light reflection must also be 
taken into account. In order to resolve the curve obtained into a 
protein and a nucleic acid curve — in this case it is the nucleic 
acid component that is sought — it is necessary that the com- 
position of the protein should be known. The protein band at 
2 800 A is determined especially by the content of certain amino- 
acids, namely tyrosin, phenyl-alanin and tryptophan (see Caspers- 
SON 1940). As shown by Bailey (1937), the percentage of these 
aminoacids is surprisingly constant in myosin from different ani- 
mals and animal groups. The tyrosin contents amounts to 3.5—4 % 
and the tryptophan content to about 1 %. Taking into account 
the factors just mentioned, we obtain a value of the magnitude of 
0. 1 • 10~^^ per for the amount of adenylic acids, which corre- 
sponds rather well uith 
the values previously ob- 
tained by macrochemical 
analysis. 

In ultraviolet, the stria- 
tion of skeletal frog musc- 
les is brought into clear 
relief (see Rig. 7). Accord- 

Eg. 7 . ».nab, uit,.^oUtpiot«»|2noA) »g to tie investigations 
and micro-incineration picture (in the dark made by OASPERSSON and 
field) of a section from striated frog muscle. ThORELL on live muscles 
lilagnification circa 700 X . , i i t 

of frogs, the iiltraviolet 

absorbing segments are the isotropic ones. In the aniso- 
tropic, less intensely absorbing segments, a little, narrow absorb- 
ing streak can sometimes be observed. The micro-incineration 
picture (Rig. 7 h, not the same section as Rig. 7 a) illustrates the 
alternation of segments rich in ash with those which are practi- 
cally devoid of ash. A fine streak of ash can sometimes he seen in 
the otherwise ash-free segment. 

Stiiwey and Discussion. 

In previous micro-incinerations of striated muscles, several 
authors have found that the striated structure w^.^ well preserved 





LOCALIZATION OF JIINERAL SALTS IN STRIATED MUSCLE FIBRES. 149 

in tlie ash. In regard to the localization of the ash, no exact in- 
vestigations had apparently been made. On the basis of comparison 
between a microincinerated and an adjacent stained section, 
several authors (Tschopp, 1929, Scott 1932/33, Loreti, 1940 
etc.) contended that the ash was located in the anisotropic seg- 
ments. This statement, however, is contradicted by the results 
which Caspersson and Thorell obtained with more exact 
methods, namely that the adenylic acids are located in the iso- 
tropic segments. These acids in fact occur in such large amounts 
that, on micro-incineration, the ash Avhich they yield should be 
distinctly visible, and thus situated in the isotropic segments. 

In order to ascertain the precise structure which yields the 
ash, the same indentical section was investigated with ultraviolet 
microphotography and micro-incineration. The segments which 
came out dark in ult^a^^olet light with a wave-length of 2570 A. 
were also subjected to absorption measurements, whereupon, 
in accordance vdth the findings of Caspersson and Thorell, 
it was ascertained that the absorbing substance was of the nucleo- 
tide type. According to those authors, the ultraviolet absorbing 
substance is situated in the isotropic segments; this finding was 
likewise confirmed. 

Comparison between the ultraviolet and the micro-incineration 
pictures for one and the same muscle section {Glnronomus Thummi, 
high muscle partitions) showed that the ash was derived from the 
intensely absorbing segments, whereas the weakly absorbing seg- 
ments were practically devoid of ash. On muscle fibres dissected 
from fruit-flies and examined without their ha^'ing come into 
touch with any fixative or solvent, it was ascertained that seg- 
ments rich in ash alternated with those which were practically 
free from ash. In view of this observation, it is evident that the 
location of the ash from these dissected muscle fibres must be 
the same as that of the ash from sections: the segments rich in ash 
must thus be the isotropic ones. 

Out of the total amount of phosphates contained in the ash 
from resting striated muscles, it may be estimated that 20 — 30 % 
comes from the adenylic acids, which are situated in the isotropic 
segments. The major part of the phosphates in the ash, 50 % 
or more, is estimated to be derived from the phosphagene. In 
regard to the analysis of the phosphoriferous constituents in stria- 
ted muscles from different animals and animal groups, see Meyer- 
hof, 1930, Palladin, 1931, Riesser and Hansen, 1933, Eggle- 
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TON, 1933, Bai.D'svin, 1933, Fenn, 1936, etc. Seeing that the non- 
absorbing segments were practically devoid of ash, it seems probable 
that the major part of the phosphagene is situated in the ultraviolet 
absorbing segments. The possibility that the phosphagene is loca- 
ted in the same isotropic segments as the adenylic acids is also 
indicated by the close interplay between these two substances 
(see Eggleton, 1935, Lundsgaaed, 1938 and Millikan, 1912). 

Summary. 

Comparative ultra\dolet and micro-incineration studies of 
striated muscles have been made by the author. In order to obtain 
a distinct correlation between ultraviolet absorption and ash con- 
tent, a material was used in which the muscle partitions are of 
considerable height (the leg muscles from Drosophila funebris 
and the subcutaneous muscles from larvae of Chironomus Thummi). 
One and the same section was used for ultraviolet microphoto- 
graphy (wave-length 2570 A) and microincineration, which made 
it possible to obtain an exact localization of the ash. The result of 
the comparison was the finding that ash was regularly yielded 
by the intensely absorbing isotropic segments, which, on absorp- 
tion measurement, were found to contain nucleotides (adenylic 
acids), whereas- the anisotropic, weakly absorbing segments were 
practically devoid of ash. On accoimt of these experimental 
findings it seems probable that the major part of the phosphagene 
is situated in the isotropic segments. 


The work has been supported by funds from the Eockefeller 
Foundation and the foundation “Therese och Johan Anderssons 
minne.” 
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The study of methylation processes in, the animal organism has 
in recent years attracted an increasing number of investigators. 
From the large material that has accumulated in various branches 
of biochemistry, it appears that methylation processes are of vital 
importance for the life of the organism. However, their study 
offers great difficulties, which arise partly from our ignorance 
about the mechanism of the methylation processes, and also partly 
from technical difficulties in the determination of reaction pro- 
ducts, etc. 

Most present-day authors seem to favour the assumption that 
the methylation processes are enzymic in nature, the methyl 
groups being transferred from some donator to the compound in 
question by a chain of reactions, all or some of which are catalysed 
by some more or less specific enzymes. However, another possi- 
bility has been discussed in the literature (Stubek, Eussman and 
Proebsting 1923), namely that methyl groups are transferred by 
means of iodine, in close analogy to the wellknown reaction so 
extensively used in synthetic organic chemistry. Their work was 
carried out with glycocyamine, since for this substance the amount 
of methylated product, namely creatine, can be conveniently 
measured. The results were highly interesting: they found that the 
methylation of glycocyamine in the organism of the rabbit depends 
in some way on the function of the thyroid. In normal animals the 
process takes place, but if the gland is removed the methylation 
is completely inhibited. If, however, thyroid extracts or iodine 
are injected, the organism regains its property of methylating 



KOLE OF THE THYROID IN THE METHYLATION OF GLYCOOYAMINE. 153 

glycocyamine. It is clear that these results, if confirmed, would 
determine the direction of much of the further work on methyla- 
tion problems, and at the same time give an important insight 
into the mechanism of the biological function of the thyroid. 
It should be mentioned that doubts have abeady been expressed 
about the validity of these results (Guggenheim 1940), but a 
search of the literature available to us revealed that no experi- 
mental verification exists of the work of Stuber, Russman and 
Proebsting. We have therefore found it decidedly worth while 
to undertake a renewed investigation of this problem, and the 
present paper is a report on our results. 


E.Yperimental Part. 

Methods of analysis. For the determination of the creatinine and the 
creatine plus creatinine content of blood we have appHed the method 
described by Lieb and Zacherl (1934), which runs as follows: 

Reagents. 

1. Cold, saturated solution of picric acid. 

2. 10 % sodium hydroxide solution. 

3. 10 % sodium tungstate solution. 

4. 2/3 n-sulphuric acid. 

5. 1 n-hydrochloric acid. 

1 ml blood (made incoagulable by oxalate, citrate or heparine) is 
hemolysed in 2 ml of water. 1 ml 10 % sodium tungstate solution and 
1 ml 2/3 n-sulphuric acid are added and the mixture is thoroughly 
shaken. After about 20 minutes the precipitate is spun down in the 
centrifuge. 

a) Creatinine. 2 ml of the protein-free filtrate are added to 4 ml 
picric acid solution in a 10 ml flask. O.i ml 10 % sodium hydroxide is 
added, and the mixture allowed to stand for 10 minutes. Distilled water 
is added until the total volume is 10 ml, and the colorimetric measure- 
ments are carried out immediately afterwards in the ususal manner in a 
Pulfrich photometer. 

b) Total creatinine. 2 ml of the protein-free blood filtrate are filled 
into a 10 ml flask. After addition of O.i ml n-hydrochloric acid the mix- 
ture is heated in an autoclave at 130° for 20 minutes. After cooling 
the liquid is filtered if not clear, and 4 ml picric acid and O.-t ml 10 % 
sodium hydroxide solution are added. After standing for 10 minutes 
water is added up to the 10 ml mark, and the colorimetric measure- 
ments carried out as above. 

The method of Lieb and Zacherl has also been modified by these 
authors to apply to the determination of creatine and creatinine in 
urine. For details of the procedure the reader is referred to the original 
paper. 
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Substrates. The glycocyamine used in this work was synthesised by 
the method of Nencki and Sieber (1878), which was found to work 
very smoothly and with satisfactory yield. 

Experimental animals. All our experiments were made on rabbits 
as was also done by Stuber, Kussman and Proebsting. The extir- 
pation of the thyroid was carried out under ether narcosis. This opera- 
tion presents the well-known difficulties of securing a complete extirpa- 
tion of all glandular tissue. We have, however, regarded the symptoms 
of the animals after they recovered from the operation (particularly 
the appearance of their furs, which became very shabby, with yellowish 
spots) as convincing proof of the success of the operations. 

Experimental 'procedure. All experiments were carried out in the 
following manner: To begin with, a blood sample was taken from an 
ear vein, with heparine as anticoagulant. Then an intravenous injec- 
tion, also in the ear, was given of 100 mg glycocyamine dissolved in 
about 15 ml 0.9 % NaCl solution. The injections were completed in 
about ^/2 minute. Thereafter blood samples were taken as described 
above at suitable intervals. All the analyses were carried out immediately 
after the experiment had been completed. Double analyses were carried 
out in all cases; the results always agreed within 5 %. 


Results. To begin with a blind experiment was carried out to 
see whether the injection of the NaOl-solution had any influence 
on the colorimetric measurement of creatine and creatinine. 
This was found not to be the case. In the same way we found that 
the addition of glycocyamine to a blood sample in vitro had no 
effect on the creatine-creatinine determinations, at any rate not 
in the concentrations used in our experiments. 

We first investigated the variations in preformed blood creati- 
nine after injection of glycocyamine in altogether 18 normal 
animals. After the injections at least three and usually four or five 
blood samples were taken. A typical experiment, chosen at random, 
is the following: 

Table 1. 


Experiment no. 14. Male. Weight: 2.7 kg. 

Preformed blood creatinine in mg % 


Before the injection 

5 min. after the injection 

14 

35 


1. analysis 2. analysis Average 
3.50 3.03 3.57 

4.12 3.93 4.03 

3.65 3.59 3.62 

3.02 3.17 3.10 


In this experiment the difference between the highest preformed 
creatinine value after the injection and the value before the injec- 
tion amounts to 13 per cent of the latter. In all the animals in- 
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vestigated tliis quantity ranges from — 9 to + 13 per cent, and 
clearly witliout any regularity at all. As a rule the highest value 
was found in the first blood sample taken after the injection, but 
we did not observe any correlation with sex or with body weight 
of the animals. Thus, no definite conclusions could be drawn from 
these experiments. "We therefore decided to determine the total 
blood creatinine as well, and in this way a complete investigation 
of 7 normal animals was carried out. An example is given in Table 
2, and the others are qualitatively of exactly the same type. 
Similar experiments were carried out on 7 thyreodectomised ani- 
mals. Table 3 contains a typical example. 5 others were exactly 
similar, and only one of the thyreodectomised rabbits failed to 
respond to glycocyamine injections. 

We also analysed the urine of these animals for creatine-crea- 
tinine, but the results were so variable and inconsistent, that they 
did not allow us to draw any definite conclusions, and they are 
therefore not reproduced here. The reasons for this are not quite 
clear at the present moment, and must be left for further discussion 
at another occasion. 


Table 2. 


April 3., 1944. Normal 3Iale. Weight: 2.7 kg. 



Preformed 

Total 

Creatine 


creatinine 

creatinine 



ing% 


“g /o 

Before injection 


5.S5 

1.9C 

10 min. after injection 

4.o:t 

7.C3 

3.00 

20 


6.8U 

2.71 

65 


5.G3 

2.05 

120 

Table 3. 

5.8S 

2.23 

March 29., 1944. Female. 

Weight: 2.77 kg. Thj-reodectomiscd March 11., 1944, 


Preformed 

Total 

Creatine 


creatinine 

creatinine 

mg% 


mg% 

nig% 

Before injection 

4.1 R 

4.97 

0.81 

6 min. after injection 

d 

7.71 

3.52 

16 

4.1S 

7.10 

2.92 

47 

4.13 

7.00 

2.87 

120 


6.04 

1.93 
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Discussion. 

As abeady mentioned tbe results for preformed creatinine -were 
so variable that they are unsuitable as a basis for further discus- 
sion. It must be said, however, that even this very cbcumstance 
is in contradiction to the results of Stuber, Eussman and Proeb- 
STiNG. They always found a rise in preformed creatinine in normal 
animals, and, moreover, the preformed creatinine returned exactly 
to its value before the glycocyamine injection in about 1 hour. 
Both these features are lacking in our experiments. This disagree- 
ment does not seem to be explicable by differences in the methods; 
the principle underlying our method is the same as that of the 
procedure used by S.tuber, Eussman and Proebsteng, only the 
technical details being different. Furthermore, it seems to us worth 
pointing out explicitly that the regularity in the variations of 
blood creatinine found by the latter authors is of a perfectness and 
an almost ideal precision that is hardly to be expected in biological 
work. Finally we note that we did not find any difference in the 
variations of the preformed blood creatinine in normal and thyreo- 
dectomised rabbits after injection of glycocyamine. This is also 
quite contrary to the findings of Stuber, Eussman and Proeb- 

STING. 

Turning now to the results for creatine, a glance at the tables 
shows that both normal and thyreodectomised animals behaved 
in exactly the same manner: an injection of glycocyamine is fol- 
lowed by a rapid and very pronounced rise in creatine. Only one 
out of seven thyreodectomised rabbits failed to respond in this 
way to an injection of glycocyamine, but this single failure can 
hardly affect our main conclusion. It can therefore be stated that 
also this part of our results is in direct contradiction to the results 
of Stuber, Eussman and Proebstikg. In all cases of thyreo- 
dectomised rabbits the latter authors found absolutely no trace 
whatever of a methylation of glycocyamine. 

We are thus unable to confirm the results of Stuber, Eussmaj? 
and Proebstikg concerning the role of the thyroid in methylation 
processes; at all essential points the two sets of results ate irrecon- 
cilable. 
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Summary. 

The paper is a report on a reinvestigation of the role which the 
thyroid, according to some workers, is supposed to play in the 
methylation of glycocyamipe. The authors found that the gland has 
no effect whatever on this process, normal and thyreodectomised 
rabbits reacting in the same way to glycocyamine injections, and 
were therefore led to reject the results of Stuber, Russman and 
Proebsting together with their theory of methylation processes. 
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Strong experimental evidence has accuiyiulated in favour of the 
view that the gastric phase of gastric secretion is regulated hy 
a hormonal mechanism. According to Edkins’ "gastrin theory” 
the gastric hormone is released from the pyloric mucosa. Many 
workers have reported the existence of a gastric secretory excitant 
in acid extracts from the mucosa of this region. In 1920 Popielski 
showed that histamine stimulates the gastric glands. As the active 
extracts prepared by previous workers exerted vasodilator pro- 
perties this was taken to indicate that the active principle of the 
extracts of Edkins and following authors had been histamine. In 
1932 Sachs, Ivy, Burgess and Vandolah succeeded in isolating 
crystalline histamine from acid extracts of the pyloric mucosa of 
pigs. The extracts lost their excitatory properties when incubated 
with histaminase. According to Bachs and collaborators "our 
experiments offer strong evidence in favour of the view that in 
acid extracts of the pyloric mucosa histamine is the sole gastric 
excitant which is active when the extracts are introduced sub- 
cutaneously”, These observations were taken to indicate that 
histamine was identical with the gastric hormone. Since then this 
view has been widely accepted. Komarov (1938, 1941) and Uvnas 
(1942, 1943) and Munch-Petersen, Konnow and Uvnas (1944), 
however, have isolated from the pyloric mucosa a gastric secretory 
excitant not identical with histamine. Experimental facts strongly 
suggest that the secretory agent extracted by these workers is 
identical with the gastric hormone "gastrin”. Considering the 
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report of Sachs and collaborators it seemed of interest to investi- 
gate the resistence of our pyloric secretory excitant to histaminase. 


Experinienfal. 

The secretory agent was obtained from HCl-extracts of the pyloric 
mucosa of cats and pigs. A crude active material was obtained from 
cats by simple precipitation with trichloracetic acid (Uvnas 1943), 
The material from pigs was purified according to the method of Muxch- 
Petersex, Roxnow and Uveas (1944). A histaminase of reliable 
activity prepared by Svedix (1943) was used. 

The pyloric preparations were incubated with histaminase in the 
folloAving way. An amount of dry material sufficient to evoke a copious 
gastric secretion was dissolved in 10 ml physiological saline. The pH 
of the solution was brought to 8 b}' adding 5 ml of a Sorensen phosphate 
buffer or a few drops of N/10 HaOH, 0.5 ml of a solution of histaminase 
was added and the mixture allowed to stand for 15 — 20 hours at 37° C. 
The secretory activitj’- was then tested by slow intravenous injection 
on narcotized cats as devised by Uvxas (1943). In control samples 
the histaminase was omitted and 0.5 ml of physiological saline substi- 
tuted. In special experiments the activity of the histaminase was con- 
trolled. An amount of histamine, the secretory power of which cor- 
responds to the pyloric preparations, was incubated with histaminase 
as devised above. The remaining histamine activity was then estimated 
on the cat’s blood pressure. 


Besults. 

A copious gastric secretion vas evoked by all of the ten pyloric 
preparations incubated with histaminase. As seen in the experi- 
ment illustrated in fig. 1, incubation for 15 hours of a pyloric 
preparation from cats with histaminase did not reduce the activity 
of the secretory principle. During the same time under identical 
conditions 500 y histamine w'as completely and 1000 y almost 
completely broken down, only 50 y being left. 

The estimations of 'the secretory acti\dty of the preparations 
was interfered with by the fact that in several experiments the 
histaminase showed inhibitory properties. After testing a material 
containing histaminase the response to pyloric preparations or to 
histamine was considerably decreased in the majority of the ex- 
periments. The inhibition did not set in immediately. The pre- 
parations incubated with histaminase evoked a copious gastric 
secretion. Several tests on one and the same animal could not 
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I. Control, not incubated with histamine. 

II. Incubated with histaminase for. 15 hours*. 

however be performed. The inhibitory effect which was not abo- 
lished by inactivation of the histaminase was probably due to 
some impurities. 


Discussion. 

In our experiments the pyloric gastric secretory excitant is 
resistant to histaminase. Quantities of histaminase which do not 
affect the secretory power of a pyloric preparation destroy an 
amount of histamine of corresponding secretory activity. This 
seems to be contradictory to the experiences of Sachs and colla- 
borators. They found that acid extracts of pyloric mucosa were 
inactivated when incubated with histaminase. In a previous paper 
UvNAS (1943) made an observation which may explain the dis- 
crepency between our results and those of Sachs and collaborators. 
It may also explain the fact that the pyloric principle has remained 
undiscovered for so long, XJvnas found that gastric secretion was 
evoked only if the pyloric principle was administered intravenously. 
Subcutaneous injection was quite ineffective. Many previous 
workers a. o. Sachs and collaborators injected their mucosal 
extracts subcutaneously. Apparently they only observed the 
secretory effect of histamine which effect naturally disappeared 
after incubation of their extracts with histaminase. 
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Summary. 

The gastric secretory agent described in previous papers from 
this laboratory is resistant to histaminase. 
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The question of whether insulin, exerts any influeiice lo'ni^thi 
assimilation of fructose as it does on glucose assirndatibn is-Ah 
swered rather variously by different authors^ Nevertheless, 
majority of investigations in this field seem to indicate thahiii 
sulin has no effect on fructose assimilation. ' '■<y 

One of the means chosen to attack this problem is the deter 
mination of the fructose tolerance before and after, the adinihis' 
tration of insulin. Baschb and Pollak (1922) performed' e^en' 
ments of this kind on rabbits. The fructose was injected iil rarphj: 
doses intravenously in th§ course of a minute. The .urine was col- 
lected and the power of reduction deteriiunedl ,By; tlus :ihet^^^^ 
the authors found a moderate but distinct increase of the fructose 


tolerance after insulin. Gobi and Gobi (1927 b) made corrcspoudiTis 
investigations on rats, though here the method employed .was a 
continuous intravenous infusion of fruetpse. IVJicrnas similar ex- 


periments with glucose revealed a marked increase; ofi^^^ 
tolerance after insulin,, these authorsVwpfe -unable ‘;to|^^^^ 
corresponding effechon the fcuctose;f6lerahce;;ih|4^^^^^ 

Gobi .(1§27) hadjdemqm^ated^liatdarghdoses;;^^^^ 
the deposition of, 'glycogen , ih;tte;Hyef:;ABer|^^ 
tipn bf Truetpsei' The : cpraespon^lhg^e^ 

coeen depo'sitidhdh the iiver:afi:er;the'draL'hdmmistratidU;pf;‘glh- 

.o. - ...AT........... . ..-v' V’- 

cose' had ;already;:beehtdembns_i&ated^n*;a2sb^ 
by;G6'Bi- and; C^pBi (1927, 

as ahih^iahatidnipfetfe deposition of glycogen in the 
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liver after insulin: “The muscles appropriate so much sugar that 
there is nothing left to he stored in the liver.” If this explanation 
is to hold good as regards the inhibitory effect of insulin on the 
deposition of fructose in the liver, the insulin would not merely 
promote the assimilation of glucose in the muscles but that of 
fructose as well. Tliis does not agree with Coei and Gobi’s later 
experiment, in which it was not possible to demonstrate any 
effect of insulin on the fructose tolerance. The insulin doses were 
of the same very high order in both series of experiments. 

In experiments on rabbits Corley (1929) determined the rate 
at which fructose is eliminated from the blood after a single in- 
travenous injection of this sugar. The author concludes that the 
assimilation to some extent is increased in animals who receive 
insulin for some time prior to the fructose injection. It is doubt- 
ful, however, if the results of his experiments bear out this con- 
clusion. Similar experiments were made by Davidson et al. (1936) 
in which no effect of insulin was observed on the rate of disap- 
pearance of fructose from the blood. The same result was arrived 
at by WiERTZucnowsKi et al. (1931) in experiments on dogs. 
These authors employed continuous intravenous infusion of 
fructose over a period of tliree hours. On some days the experi- 
ments were made without insulin, and on other days experiments 
were made on the same animals after insulin. The average curves 
of the fructosaemia in the control experiments and the insulin 
experiments differ only very slightly. The observation made by 
Herbert and Davidson (1938) that the course of fructoseaemia 
in diabetics after oral administration of fructose does not differ 
from the course in normals may also be mentioned as one of the 
observations that indicate that insulin has no effect on the assi- 
milation of fructose. 

In in-vitro experiments with the diapliragm of rats Gemmill 
(1941) showed that insulin promotes the storing of glucose in the 
form of glycogen in the muscular tissue. In corresponding experi- 
ments with fructose as the medium there was found to be no 
glycogen deposition, with or Avithout insulin. As it may be taken 
for granted that fructose can be stored as glycogen in muscular 
tissue, the absence of any insulin effect in Gemmill’s experiments 
is perhaps of small value in support of the view that insulin 
exerts no effect on the assimilation of fructose. 

In the afore-mentioned work by Davidson et al. (1936) the 
authors, after recounting the observations that suggest that in- 
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sulin. tas no effect on fructose assinulation, vnrite; “All tKese re- 
sults are consistent with the hypothesis that the first stage in 
the fructose metabolism is the conversion of fructose into glucose 
(or some similar substance) and that the rate of this conversion 
is independent of insulin, while the second stage is the disposal 
of the glucose (or similar substance) and is controlled by insulin.” 

The validity of this simple explanation or formulation is open 
to doubt, however. At any rate it is doubtful if the fructose is 
converted into free glucose prior to its conversion into glycogen. 
A weighty argument against it is the observation of Lundsgaard 
et al. (1936) that glucose is not stored in the artificially perfused 
isolated cat liver, whereas fructose is readily stored as glycogen. 
When fructose is added to the blood perfused on isolated cat 
liver the power of reduction falls rapidly and the glycogen con- 
tent of the liver rises. This fall in the blood’s power of reduction 
however caeses before it has got down to the same level as prior 
to the addition of the fructose. At the end of the experiment it 
is demonstrable that the blood’s power of reduction is due solely 
to glucose. Part of the added fructose (approximately half) is 
deposited in the liver as glycogen, whereas the remainder is found 
as glucose in the blood. On repeating these experiments in con- 
junction with the experiments reported on in the present paper 
the earlier result was confirmed. In these new experiments the 
fructose concentration in the blood was traced throughout, 
whereby it was possible to show that the fall in the blood’s power 
of reduction — and consequently the deposition of glycogen — 
ceases at the moment the last trace of fructose in the blood dis- 
appears. 

Although fructose is assimilated in the muscles, there is nothing 
to show that it is converted into glucose in the muscular tissue. 
This was already pointed out by S. Isaac in 1914 (unfortunately 
his work, J. Phys. Chem. 1914, 89 , 78 , is not available to us). 
In the following experiments with hind-leg preparations we have 
seen no increase of the glucose content in the blood after adding 
fructose, even in cases where the blood-glucose was extraordinarily 
low. It is extremely probable that the fructose passses from the 
blood into the muscle cells as fructose. 

Several authors, including Lundsgaaed (1939)^ favour the as- 
sumption that the primary effect of the insulin consists in an 
acceleration of the passage of the glucose from the blood into the 
muscle cells, a passage which cannot be assumed to be a simple 
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diffusion of free glucose. Consequently, it would be of no slight 
importance to our comprehension of the action of the insulin if 
it could be established beyond doubt that while insulin promotes 
the passage of glucose into the muscle cells, it has no effect on 
the corresponding passage of the closely-related hexose, fructose. 

We have therefore considered it worth while once more to take 
up the question of the effect of insulin on fructose assimilation for 
renewed experimental testing. For this purpose we elected to 
experiment on artificially perfused hind-leg preparations, for the 
following reasons. With such a muscle preparation the effect 
which we regard as the primary insulin effect can be demon- 
strated clearly and with great regularity. Disturbing influences 
from accompanying reactions in other organs are precluded. In 
such a preparation the concentration of the sugars tested can be 
set at any selected level and with great certainty can be main- 
tained at these levels for a considerable time. Finally, the wide 
experience of the Institute with regard to glucose assimilation in 
hindleg preparations made it natural to choose this experimental 
object for the projected investigations into fructose assimilation. 


Technique. 

The exjjcrimcnts . were made on cats which had been starved 2i 
hours. The artificial perfusion of the isolated hind-leg preparations 
was performed by the usual method of this institute (Lundsgaaed 
et al. 193G). Ail the animals were of about the same size (weight about 
3 hg). 

For those experiments in which it was desired to operate ’with a 
very low blood-glucose concentration the glucose was removed by 
fermentation. Blood corpuscles and plasma were separated by cen- 
trifuging. About 10 g of washed yeast per 100 ml was suspended in 
the, plasma, whereafter it stood for an hour at 38° in the incubator. 
The corpuscles were washed once by suspending them in 0. 9 per cent, 
sodium chloride and renewed centrifuging. The yeast was removed 
from the plasma by centrifuging, and the washed corpuscles were 
suspended in the glucose-free plasma. As the intercellular fluid in the 
hind-leg preparation contains glucose, which when perfusion begins 
distributes itself over intercellular fluid and blood, it is impossible to 
obtain a blood-glucose concentration of 0. The total reduction at the 
beginning of the experiments was approximately 30 — 40 mg% glucose. 

Fructose, and when desired glucose, were added to the blood at the 
beginning of the experiment in such quantities that the selected con- 
centration in the blood was reached. We endeavoured to keep the 
concentration of the two sugars constant throughout the experiment 
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by a constant infusion of glucose (5—7 mg per liinute) and fructose 
(3 ^10 mg per minute) from a motor-driven syringe. 

In all the experiments the insulin dose was 0.5 mg of a crystalline 
preparation (22 units per mg). ■> ' 

For determining the glucose and fructose content in the blood we 
employed the total reduction (Hagedorn-Jensen’s method) and total 
colour development with diphenylamin by the method described below. 

With the Hagedorn-Jensen method we determined the power of 
reduction of fructose to be 98 per cent, of that of glucose. 

With the diphenylamin method as we employed it the colour in- 
tensity developed with various glucose concentrations was 7.5 per 
cent of the colour intensity of the equimolar feuctose concentrations. 

These values allow us ftom the total reduction (indicated in mg'% 
"glucose”) and the colour intensity (indicated in mg% “fructose”) to 
calculate the concentrations of glucose and fructose simultaneously 
present in the blood according to the following equations: ' 

X-|-0.98 y = the total reduction • , “ ' 

0.075 X -|- y = the colour intensity 


where X indicates the glucose concentration in iag% and y the fructose' 
concentration in mg%. i 

For the colour development with diphenylamin and the subsequent, 
determination of the colour intensity we followed — with slight de- 
viations — the method described by Alving, Fgbin and MiiiER 
(1939) (for insulin determination). 

The protein in the defibrinated blood was precipitated with ZnS 04 - 
NaOH after Somogyi (1930). The sediment was centrifuged off. 
The colour reaction was obtained with 2.5 ml of the above fluid -jj 5 
ml reagent (consisting of 110 ml 96 % ethylalcohol -f- 80 ml concen- 
trated hydrochlonc acid -f 10 ml 10 % diphenylamin in 96 % ethyl- 
alcohol) in a test-tube which was sealed by heat. The tubes stood 
exactly 60 minutes in a boiling water bath in which the water level 
was well above the level of the fluid in the tubes. This was followed' 
by rapid cooling down to room temperature in cold water. Then co- 
lorimetry. In some of our first experiments we used a Biirker colori- 
meter, but later we employed Havemann’s photo-electric colorimeter, 
with the ordinary bulb filter RGi and a layer thickness of 5 mm." With' 
this the concentration in the Somogyi filtrate was 0-^12" mg%', best 
2 — 6 mg%, which was obtained either by diluting -the '^blood or by' 
taking smaller quantities of blood for the protein precij»itatidn,^ * : 


Results. 


/r 


The method adopted in the first cxj[)eriinonts was^tp.setjhe 
concentrations of glucose and 'feuctose in.the'bloqd^^.far as pos- 
sible at the same 'level afthe outset. .In* the various e:^erim6nte 
this level varied feom;i50 to 3po;mgyo;f.and;we endeavoured to 
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maiutaiu the level by means of a continuous infusion of glucose 
and fructose. Insulin was added to the blood one hour after the 
beginning of the experimental period. Kg. 1 A is a reproduction 
of the results of one of these experiments. It will be seen that 
the insulin has a distinct effect on the glucose assimilation, as 
the concentration of this sugar, which was almost constant before 
the insulin uras added, then decreased despite the unchanged con- 
tinuous addition of glucose. On the other hand, the concentration 
of fructose in the blood is not affected. In this particular experi- 
ment indeed the fructose concentration seems rather to rise a 
little more after the addition of the insulin than before. In all six 
experiments of this land were carried out, and the results all 
agreed. 

As we cannot quite rule out the possibility that insulin with 
predilection acts upon the assimilation of glucose, so that if it 
has any effect on the fructose assimilation this may escape ob- 
servation when there is ample glucose in the blood, some experi- 
ments w'ero performed in which the glucose as far as possible w^as 
removed from the blood by fermentation as described under 
"Technique”. In these experiments we omitted the continuous 
supply of glucose to the blood. The concentration of fructose 
varied from 150 to 400 mg% in the various experiments. The con- 
tinuous supply of fructose varied between 3 and 10 mg per mi- 
nute, all according to the fructose concentration in the blood we 
were working with. IVhen the addition w'as 10 mg of fructose per 
minute, however, the concentration, even when it lay at 400 mg%, 
always rose steadily throughout the experimental period. The re- 
sults of an experiment of this kind are reproduced in Kg. 1 B. 
It appears directly from the curves that even under these con- 
ditions insulin has no influence on the assimilation of fructose. 

In order to make sure that treating the plasma with yeast 
does not entail such changes that the insulin effect is inhibited 
w'e made two control experiments, in which glucose was added to 
the blood after fermentation. Here 5 mg glucose per minute was 
added continuously to the blood. Fig. 1 C shows the result of one 
of these experiments. It will be seen that the pretreatment of the 
blood with yeast does not prevent the typical insulin effect on 
the glucose assimilation. It would thus seem that insulin has no 
effect on the fructose assimilation in the isolated hind-leg pre- 
paration. 

In addition to these experiments with hind-leg preparations 




Fig. 1. The effect of insulin on the glucose and fructose assimilation m-hindJeg, 
preparations (A, B and C) and in intact animals (D). The arrow in^cates the ad-' 
dition of insulin. Ordinate: glucose and fructose in mg%. Abscissa: time to minutes. 
Glucose x—x—x—x Fructose. 


A. Continuous infusion of 5 mg glucose and 3 mg fructoto per minute, 

B. Continuous infusion of 3 mg fructose per minute. 

C. Continuous infusion of 5 mg glucose per minute. . , . } v 

D. Continuous infusion of 50 mg fructose per minute, ' ■ v ' 


we carried out some few experiments witli intact animals in 
amytal narcosis. They were performed on the same principle as 
those with hind-leg preparations. 

At the outset a suitable quantity of fructose wa's injecl’ed in-^ 
travenously in order to bring the fructose concentration’^^he; 
blood up quickly, whereupon we proceeded with continuous in- 
travenous supply of fructose (50 mg per minute)., Sampling began 
half an hour after the beginning of continuous infusion.' At this; 
juncture the fructose concenlaration in the -blood had generally; 
adjusted itself at a fairly con-stant level. The quantity of fnmtpse 
infused per minute in these expcrimoiits is very high compeared 
with those on hind-leg picijarations, because the liver plays a 
rather dominant role in fructose metabolism. In ouf c.xperimcnts 
with isolated IrverSjWp, have found tliat witli a moderate fructose 
concenlia|idn- a cat liver metabolizes '25— 30 nig 
fructose :perI^uM^^^ Ivour a:fter .satnpling began, wc injectctl 
1 mg crystalline ' i^upn .m The rc-siilts of - one of 

■fTiiaao oTrhAriThpTibs' ji.rft -rAfiTndilCpA.l'n.jfifr. . 1 D. It Will bc SCCil that 
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the insulin exerts the ordinary influence on the glucose content 
in the Wood, but has no effect on the fructose content. Thus it 
was not possible even in these experiments with intact animals 
to demonstrate any effect of insulin on fructose assimilation. 

The striking difference observed between the assimilation of 
glucose and that of fructose makes it presumable that there is a 
fimdamental difference in the assimilation of the two sugars. Tor 
the purpose of exa m i n i n g to what extent the assimilation of the 
two is independent we made some few experiments with hind-leg 



Fig. 2. Glucose assimilation in hind-leg preparation treated with insulin before 
and after adding fructose. At the arrow 0.75 g glucose and 1 g fructose was added, 
whereafter 7.5 mg fructose per minute was added continuously. 


preparations in the following manner. At the outset a suitable 
quantity of glucose was added to the blood so as to have a fairly 
high initial concentration. At the same time insulin was added to 
the blood in the usual quantity in order to cause rapid glucose 
assimilation. After one hour, during which time the glucose con- 
centration in the blood falls heavily, more glucose was added to 
the blood, thus bringing the concentration back to approximately 
the initial value. At the same time fructose was added to the blood 
in such a quantity that a fairly high fructose concentration was 
arrived at, and we endeavoured to maintain this by continuous 
infusion of fructose. It will be seen that the conditions for glucose 
assimilation in the first and second halves of the experiment 
were the same, except that in the second half an assimilation of 
fructose proceeded side by side with one of glucose. The results 
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of one of these esqperiments are reproduced in thej Grrhphs%g^ 2 
According to the procedure described by Ltotosgaabd et hi;-(1939 
the absolute quantities of glucose assimilated .per: uiutjtiihh^ 
be calculated. In the initial period 11 mg glucose perl, mnuti 
was assimilated when the blood sugar averaged about 200. ing^ 
Buring the first 30 minutes of the second half of the e^erimen 
there was likewise an assimilation of 11 mg glucose, per' iu^ 
with a corresponding blood-glucose concentration, despite the fac 
that in this same second half 7.5 mg of fructose, per minute wa 
assimilated at the same time. Accordingly the assimilation of glu 
cose and of fructose would seem to be quite independent of e^bi 
other. ' 

Finally it may be mentioned briefly that in- some ; of "the,; exr 
periments where insulin was added we determined the inbfgamc 
phosphate content of the plasma. In these esqperiments'dt^was' 
found that the well-known effect of insulin bn the plasma content Of 
inorganic phosphate, which as shown by LuNDSGAiARD ;(1938)u 
also demonstrable on hind-leg preparations, stands piit /clearly 
even when the glucose content in the blood is extraordinarily low/ 
In these experiments the glycogen desposition caused by the iih/‘ 
sulin can only have been very small at the most, for wMch reaspn; 
the observation contradicts the view advocated by Cori. (lOiO)'; 
that the fall in inorganic phosphate is secondary in rebtipn to the; 
storage of glycogen. : ‘V- 


V }'. '>^,0 


Discussion. 






In our opinion the pronounced mutual indepehdehce /Pff'the 
assimilation of glucose and fructose may be explained mp^ampjy 
by saying that it is the rate of transfer of;t^e/tvro/^g;^fr^; 
the blood into the interior of the muscle .cblb that coustitulcs 
the liTnitin g factor for their -assimilat.ion. Tins view.- also har- 
monizes with the marked dependence of glucose assimilation ori 
the concentration of, glucose; in the blocul. Although irl the experi- 
ments oh which the pieSeht^brk;is/based; we;ma^^ 
investigations into tdihdcpenduaBe'iof ffucthsuu^ 
fructose concentration in the blood, we consider thr^^thbgp^. 
of Our observations it is possible to state that frnctbse:t|^ffl^“^ 
latiqn too is to a marked extent dependent on fche/cqhcen&afion 

= of ffuctbsb m\thpiblopd>^^/^Vhen.;no..^ulin Is ^ 
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assimilation at a certain plasma concentration is of about the 
same order as tbe glucose assimilation at a corresponding glucose 
concentration in tbe plasma. K tbe same quantities of fructose 
and glucose are added to the blood in a bind-leg preparation tbe 
result is tbe same increase in the fructose and, glucose concentra- 
tions in tbe blood. Accordingly fructose, like glucose, distributes 
itself only to tbe blood and intercellular fluid, irbereas tbe in- 
terior of tbe muscle cells must be fructose-free. This means that 
fructose is not transferred “more easily” than glucose from 
blood to tbe interior of muscle cells. If we assume that tbe active 
link in tbe transfer of glucose to tbe interior of tbe muscle cells, 
which can be accelerated by insulin, consists in a conversion of 
tbe glucose molecule, possibly a phosphorylation, in tbe surface 
layer of tbe muscle cells, it should be possible to conclude from 
tbe experiments that tbe corresponding conversion of tbe fructose 
molecule is not affected by insulin. 


Summary. 

In experiments with artificially perfused bind-leg preparations 
it is shown that insulin has no effect on tbe assimilation of fructose 
in tbe muscular tissue, whereas the assimilation of glucose is pro- 
moted to a considerable extent. 

Even in experiments in which tbe glucose concentration in tbe 
blood is artificially reduced to tbe lowest possible values, insulin 
has no effect on tbe fructose assimilation. 

Tbe assimilations of glucose and fructose seem to proceed quite 
independently of each other. 
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Prothrombin is usually assumed to be formed in the liver, but 
ns yet only little is known as to how this formation takes place. 
Vitamin K is required for prothrombin formation, but also the 
mechanism of the action of \atamin K is still obscure, even though 
it has been established that there is a definite relation between 
the amount of vitamin K supplied and the amount of prothrombin 
formed. 

In concordance with this, vitamin K deficiency is associated 
with a decrease in the protlirombin content of the blood. A similar 
decrease is seen in various infectious and toxic affections of the 
liver; and in most of these, several aspects of the liver functions 
will be affected. By fractionated chloroform poisoning in dogs, 
however, it has been possible to produce a fairly specific inhibition 
of the prothrombin formation (Smith, TTaenee and Brinkhous 
1937 ). 

A morbid condition with specific prothrombin deficiency is 
further foimd in sweet clover disease (Roderick 1931 ), a disease 
developing in cattle fed spoiled hay of sweet clover (Melilotus 
alba). Recently it has been possible to isolate and identify the 
toxic agent in this disease (Stahman et al. 1941 , Campbell and 
Link 1941 ). Chemically this substance is 3,3'-methylene-bis(4- 
hydroxycoumarin) which in the following, for the sake of brevity, 
will be designated dicoumarin. 
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3,3'-methyIene-bis (4-Iiydroxycoumarin) or “dicoumarin”. 


As to the action of this substance, it is known to inhibit the 
prothrombin formation in the liver, but it has not yet been 
ascertained whether it has a specific inhibitory effect on the 
function of vitamin K, or whether it exerts a toxic affect on the 
prothrombin-producing element of the liver. 

This question is of importance, not only theoretically but also 
with a view to the clinical employment of dicoumarin. In the 
present work, therefore, we have tried to elucidate this question 
by studies on the effect of simultaneous administration of vitamin 
K and dicoumarin to animals. 


Experimental. 

The experiments were carried out on chickens, which are the most 
suitable animals for the establishment of an alimentary avitaminosis K. 
For our purpose, a preexisting avitaminosis K (or hypovitaminosis) 
has proved to be of practical value because it ensures the absence of 
vitamin K depots, and because the prothrombin level of these animals 
is low and thus constitutes a sensitive indicator of foreign and inhibitory 
agencies. 

The chickens (white Leghorn), weighing about 100 g, are placed on a 
vitamin K-free diet, each chicken being kept in a separate cage with a 
wire-screen floor. In order to prevent coprophagy the cages and food 
containers were cleaned and sterilized daily. After 3 — 4 weeks the 
chickens were vitamin K-deficient — as ascertained by determination 
of the prothrombin content of the blood. These determinations were 
carried out partly after Quick's method 1 (36), partly after the method 
given by Dam and Glavind (1938). 

For Quick’s method a sample of blood (about 1 ml) is withdrawn from 
the carotid artery into a chilled paraffin-coated tube; 0. 9 ml of the blood 
is mixed with O.i ml of O.i mol. oxalate solution, and then the plasma is 
obtained by centrifuging. The thrombokinase preparation here employed 
has been a watery extract of breast-muscle of fowls, which is stored in 
ampoules, frozen solid, as given by Dam and Glavind. From this thrombo- 
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kinase preparation a series of dilutions is made up with physiological salt 
solution. Detremination of the coagulation is carried out with a dilution, 
as a rule 10 per cent, that shows optimal activity. The determinations 
arc carried out in a water-bath at 37'*. For the test, 0. i ml oxalate plasma 
is mixed in a centrifuge tube with 0. i ml thrombokinase solution. After 
preliminary heating for 2 min., O.i ml O.oi mol. calcium chloride solu- 
tion, likewise heated to 37°, is added. The moment of coagulation is 
reckoned as the point of time when the plasma adheres as a jelly to the 
bottom of the tube. The interv'al between the addition of calcium and 
the moment of coagulation is designated as the prothrombin time. 

With thi.s technique a prothrombin rime of 47 seconds was found 
verj' constantly in chickens on a normal diet, and on every date of the 
experiment this was confirmed by determination on two control ani- 
mals, In the chickens on the vitamin K-free diet, after 3 — 4 weeks, a 
jirothrombin time above 200 seconds was found practically in every test. 

A fall in the prothrombin content resulting from vitamin K defi- 
ciency or dicoumarin effect will manifest itself by a rise in the pro- 
thrombin time. The relation between the prothrombin content of the 
blood and the prothrombin time has been the object of numerous in- 
vo.'^tigations (o. g. Quick 1938), showing that with a moderate fall in 
prothrombin the prothrombin time is prolonged but very little, w'hile 
with a larger fall it is prolonged at a greatly increased rate. 

In a number of experiments the method of Dam and Glavind has 
been cmjdoycd according to this method, the blood is also withdrawn 
from a carotid artery into icc-chilicd paraffined tubes. The plasma 
i.s obtained by centrifuging, and stored at 0°. The thrombokinase 
jiroparation i.s the same as in Quick’s method, and a series of dilutions 
of the thrombokinase i.s made. The coagulation is determined in micro 
te.st tubc.s at 37°, each tube containing 2 drops of plasma 2 drops of 
Hinger s fluid -f 1 drop of thrombokinase dilution. From the clotting 
times obtained ()y employment of the thrombokinase dilutions, the 
thrombokinase concentration K which gives a clotting time of 3 min. is 
calculated hy interpolation. If the corresponding concentration for a 
normal plasma is K,,, the term KJK — 1/B is a measure for the pro- 
thrombin content of the plasma. l/R is fairly proportional to the pro- 
thrombin content in percent of the normal. So in this way, a relatively 
slight increase in prothrombin manifests itself more conspiciuously 
than with Quick’s method. On the other hand, Kj, varies a good deal 
from day to day, and this implies a factor of uncertainty. 


Experhuents on the Effect of Simultancoos Administra- 
tion of Dicoumarin and Yitamin K. 

The rise in prothrombin obtained with a single dose of vitamin 
I£ is rather varying, and a more unifofm effect is obtained with 
repeated doses. In the present experiments, therefore, the same 
dosage was given on tliree successive days as employed in the 
biological standardization of vitamin IC carried out in this laho- 
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ratorj. Tiiree single doses of 0.00005 mg vitamin K per g of 
chicken weigM is the smallest amount able with certainty to 
raise the prothrombin content to a normal value in chickens with 
avitaminosis K. 

Also the effect of dicoumarin is variable, and in a more pro- 
nounced degree. In the experiments on this problem, too, three 
daily doses were given; but, as is evident from the curves, it was 
not practicable in this way entirely to elinrinate the individual 
variation. 

For elucidation of the eventual interaction between the effect 
of vitamin K and that of dicoumarin on the prothrombin, we have 
carried out a number of experiments with a varying quantitative 
proportion between the two substances. The vitamin K prepara- 
tion here employed was 2-methyl-l,4:-naphtohydroquinoue di- 
sulphate. 

In the experiments first to be mentioned, the animals were 
given the same amount of vitamin K and different doses of dicou- 
marin. The prothrombin content was determined after Quick’s 
method. The experiments were carried out in 4 series with the 
following dosage of vitamin K: 0.00001, 0.00005, 0.0025 mg per g 
per day, respectively. The dicoumarin dose varied from 0.005 to 
0.5 mg per g per day. The results are recorded in Table 1. 

From the preliminary experiments it was known that the small- 
est dose of dicoumarin (0.00005 mg) here employed with certainty 
would have an inhibitory effect on the prothrombin formation. 
As mentioned above, 0.00005 mg of vitamin K is sure to raise the 
prothrombin level to a normal value. Accordingly, the result of 
all the above experimental series would have been a normal pro- 
thrombin level in series 2 — 4 if vitamin K had been employed 
alone, and, conversely, the result would have been a very long 
prothrombin time in all four experimental series if dicoumarin 
had been given alone. 

Under the given conditions, however, all four series are con- 
cordant in showing an increasing prothrombin time, rising from 
about a normal level with increasing dicoumarin dosage: the 
smallest dose, 0.00005 mg is nearly or entirely unable to prevent 
the prothrombin-promoting effect of vitamin K, whereas the 
largest dose employed, 0.5 mg, is sufficient to overshadow com- 
pletely the effect of the amount of vitamin K given, even in series 
4, in which the vitamin K supply is 600 times the amount required 
to bring the prothrombin time to a normal level. 
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From this it is evident that the two substances are antagonistic 
with regard to the prothrombin formation. It is further obvious 
that in the animals which received a large dose of vitamin K it 
takes a larger amount of dicoumarin to obtain a distinct prolonga- 
tion of the prothrombin time. With a decreasing dosage of vitamin 
K there is a distinct shift of the points to the left. In the two 
groups of animals which received the largest dose of vitamin K, 
about 0.6 mg dicoumarin was required in order to eliminate with 
certainty the effect of vitamin K (prothrombin time 200 see.), 
whereas the amount required with the two smallest doses of vita- 
min K was respectively 0. 21 and 0. 25 mg. So Jfrom thi^ it is evident 
that the inhibitory effect of vitamin K on dicoumarin increases 
with its increasing amount. 

An increase in the vitamin K dosage thus brings about a stronger 
attenuation of the effect of dicoumarin, but while the animals in 
group 4 received 2500 times more vitamin K than the animals in 
group 1, the amount of dicoumarin required for elimination of the 
effect of vitamin K is only about 5 times as large. This does not 
suggest that dicoumarin exerts its effect by displacing vitamin 
K — ■ for instance, from its place as a component of an enzyme. 
If so, at any rate, the relation of the two substances is more 
complicated than the relation between sulfanilamide or similar 
compounds and p-aminobenzoic acid (Woods and Fildes 1940), 
or the relation between (a, y-dioxy-/S, /9-dimethylbutyryl)-taurin 
and panthothenic acid (Kuhn et al. 1941), where it is a question 
of a simple displacement reaction, the result of which can be cal- 
culated stoichiometrically. 

A characteristic feature of all the series is a considerable disper- 
sion of the values in the range of the smaller dicoumarin doses. 
As this dispersion is chiefly seen within this range, it may possibly 
not be attributable to the fact mentioned that the effect of dicou- 
marin is rather inconstant quantitatively; possibly it is a peculiarity 
of the fiel^ round the point of equilibrium which is most likely to 
exist between dicoumarin and vitamin K. 

In another experimental series performed in order to find such 
a point of equilibrium, the prothrombin content' was determed'^ 
after Dam and Glavind’s method. The results are recorded^in 
table 2, in which figures are given for the'employod dose of dicou- 
marin or vitamin K in mg per g per 'day for three days. The K- 
values before and after, the administration of the two substances ^ 
respectively are also given. In the first two experiments the' dose ^ 
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of vitamin K was kept constant while that of diconmarin varied- 
and in the third experiment the technique was reversed, the dicou- 
marin dosage being kept constant and the vitamin K dosage 
varying. 

Table 2. 


Effect of simttUaneous administration of vitamin K and diconmarin. 


Dicoumarin mg 

0.OO5 

O.oi 

0.02 

0.05 

O.Oo 



R-valuo 








beforo experiment. . 

5.0 

5.7 

5.5 

5.0 

0.6 



after experiment 

1.1 

10 22 

25 

0.4 



Second series: 0.0002 mg ^-itamin ] 

EC per g of cliicken 

weight per dav. 

Dicoumarin mg 

0.002 

; 0.005 

0.04 0.05 

0.1 

0.1 

0.16 0. 

R-value 








before experiment. . 

120. 

6.7 

11 

3.3 

1.6 

1.3 

2.6 25 

after experiment. . . 

2.C 

0.9 

2.5 

2.8 

3.1 

15 

150 100 

Third series; 0.005 

mg dicoumarin 

per 

g of chicken weight per day. 

Vitamin K mg 

0 

0 


0 

0.00002 

0.00002 


O.oooo 

5 0.00008 

0.0002 

0.0040 


R-value 








before experiment. . 

9 

7 


7 

10 


9.2 


6.0 

8 


6.9 

9 



after experiment. . . 

25 

13 


11 

1.0 


9.2 


l.s 

0.9 


0.9 

0.8 




In the first series of experiments the dose of vitamin K was 
sufficiently large, as mentioned above, to render the prothrombin 
level normal, i.e. decrease the R-value to less than 2, This was 
practicable also even with administration of the smallest dose of 
diconmarin (O.005 mg), but with all larger doses of dicoumarin 
this substance got the upper hand. 

The second series gave corresponding results. Here the vitamin 
dose was 4 times higher than in the preceding experiment, and a 
larger amount of dicoumarin was required in order to make the 
latter the more effective, namely: at least 0.05 — 0.1 mg. 

In the third series where the dicoumarin dose was kept constant, 
the first three columns show a fairly constant dicoumarin effect. 
But even with the smallest dose of vitamin here employed 
(0.000015 mg) this substance proves the more effective. 

All three series of experiments thus show, so to speak, a neutral 
point” at which there is a balance between the effect of vitamin 
K and that of dicoumarin. The quantitative proportion between 



180 


JOHS. QLAVIND AKD KNUD F. JANSEN. 


the two substances at this point is calculated to be about 1 ; 200, 
1 : 250, and 1 : 500, as in these series also the absolute amounts 
are very similar. 


Discussion. 

'From the studies here presented it is evident that dicoumaxin 
and vitamin K have a mutual inhibitory effect on each other. 
It is further shown that, under certain given conditions, there can 
be demonstrated a quantitative relation between the two substan- 
ces, resulting in a mutually inhibitory effect, so that the rate of the 
prothrombin formation is not influenced by either substance. But 
these experiments have also shown that this quantitative relation 
is not constant when the absolute amounts of the substances 
vary, and that it even varies considerably. An increase or reduc- 
tion in the dose of dicoumarin given requires a far greater increase 
or reduction in the dosage of vitamin K if the prothrombin value 
is to be kept constant. With the smallest active doses the ratio 
vitamin K/dicoumarin is about 1 : 200 — 500. 

In the literature so far only a few hypotheses have been advan- 
ced about the action of dicoumarin. It has been suggested that 
dicoumarin inhibits the action of vitamin K by a process analogous 
to the inhibition of the oxidation of succinic acid by malonic acid, 
pointing out a certain resemblance in the chemical consitution of 
methyl-naphtoquinone and coumarin (Lehmann 1942). One of 
the present writers (Jansen 1943), on the other hand, considers 
the dicoumarin effect to be merely toxic • — for one thing, because 
dicoumarin is found to give degenerative changes in the liver, 
that is, an effect similar to the one produced with fractionated 
chloroform poisoning. 

The results of the present investigation may be said rather to 
lend support to the latter theory. For when the functional capacity 
of the liver is lowered by poisoning, it is rather to be expected 
that the decreased capacity for prothrombin formation to a certain 
extent may be compensated by an increased supply of vitamin K, 
whereas a simple stoichiometric relation between the. two sub- 
stances would be expected if the dicoumarin effect resulted from a 
simple displacement of vitamin K. 

As mentioned above, one of the writers (Jansen 1943) in his 
experiments with rats, rabbits, and dogs, ascertained injury to the 
liver parenchyma. In pronounced cases he found fatty degeneration 
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with central necrosis in a histological picture which greatly re- 
sembled that of the liver in chloroform intoxication. 

We have investigated whether vitamin K might also have a 
protecting effect against the injury to the liver produced by 
dicoumarin. Since Overmaij et al. (1942) found that, besides vita- 
min K, also ascorbic acid counteracted the dicoumarin effect, we 
tried this substance too. 

The experiments comprised one group of normal chicks, one 
group of chicks which received 0.05 mg dicoumarin per g chicken 
weight per day, one group which received this dose of dicoumarin 
and in addition the "equivalent” amount of vitamin K (0.000025 
mg per g per day), and one group which, in addition to the dicou- 
marin dose, received ascorbic acid in doses varying from 0.05 to 
4 mg per g per day. 

The outcome of this experiment, hovrever, was entirely negative: 
the dose of dicoumarin employed, which can be neutralized by 
vitamin K, did not result in pathologic-anatomical changes allow- 
ing of any comparison of the results; in particular no distinct fatty 
degeneration or necrotic changes were seen in the liver. 

In contrast to Overjian, we found no counteracting influence 
of ascorbic acid on the prothrombin-decreasing effect of dicou- 
marin — even when given in doses up to 4 mg per g body Aveight 
per day. 

Nor did ascorbic acid given to chicks with vitamin K deficiency 
have any effect on the prothrombin level in these animals. 

Summary. 

In experiments on K-avitaminotic chickens with simultaneous 
administration of vitamin K and dicoumarin a mutual antagonism 
is shown to exist between the two substances in the prothrombin 
formation, and in a certain quantitative proportion this antagon- 
ism may eliminate the influence of both substances on the pro- 
thrombin formation. 

It is further shown that this quantitative relation is not con- 
stant, so that a simple stoichiometric relation is out of the ques- 
tion. From this, the conclusion is drawn that the effect of dicou- 
marin can hardly be a direct inhibition of vitamin K, but is more 
probably a specific toxic effect which can be compensated in part by 
the stimulating effect of vitamin K on the prothrombin formation 
in the liver. 
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Introduction. 

In earlier investigations (Eosendal 1943) it was shown that 
the resistance of the skin to direct current (d. c.), just as its resist- 
ance to alternating current (a. c.) (Eosendal 1940), is localized 
almost exclusively in the stratum corneum; moreover, that the 
d. c. -resistance to currents below 0.2 mA/cm® is to a very high 
degree dependent upon the electrolyte content of this layer and 
decreases with an increase of the electrolyte content (through 
moistening of the sldn prior to the d. c. -conduction). Further, in 
the case of skin (7 cm*) moistened with an electrolyte a rise in 
the d. c. -resistance is observed for anodic and a fall for cathodic 
conduction^ when raising the potential from 0.1 to 2 — -4 volts. 
This difference in the dependence of the skin resistance upon the 
two directions of current is evident from the circumstance that 
the d. c.-resistance of the skin (7 cm®) in the case of anodic con- 
duction, and 2 volts in 2 minutes, may be several times larger 
than the d. c.-resistance to cathodic conduction, time and voltage 
being the same. The difference in resistance reaches its maximum 
after 2 — 3 minutes conduction in each direction and is highest 
in the case of potentials of about 2 volts for a skin area of 7 cm*. 
Above 2 — 4 volts, short-circuiting of the stratum corneum occurs 
whereby the difference in resistance disappears. Finally, the diffe- 

' Anodic or cathodic conduction is defined as the d.c.-conduction through the 
skin with the anode or the cathode, respectively, as different electrode. The in- 
different electrode is placed in an electrolyte hath, in 'whi6h also a large area of 
the skin, e. g., one arm or a leg, is immersed. Anodic and cathodic resistance are 
terms apph'ed to the d. c.-resistance to the corresponding direction of current. 
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rence in resistance is independent of the direction of current -with 
■which conduction is started. 

Thus a different conduction for current of low voltage through the 
stratum corneum in anodic and cathodic conduction is demonstrated. 
This difference has been associated with a different permeahihty 
to anions and cations through the stratum corneum. 

The present paper deals -with a further study of this phenom- 
enon, its object being partly, to throw some light on the factors 
on which the conduction is dependent, and partly, to find an 
explanation of the phenomenon for the purpose of elucidating the 
permeability of the stratum corneum and membrane properties. 


Method. 

Conduction of current. In the determinations of the skia resistance to 
direct and alternating current the following arrangement was used: 
A glass cylinder, 2 cm high with an opening 4.0 cm® (in some experi- 
ments 70 cm®) is attached to the volar side of the test person’s forearm 
by means of vaseline and a rubber band. The glass cylinder, the bottom 
of which is formed by the sMn area to be investigated, contains an elec- 
trolyte solution. Into this solution dips a polarization-free electrode 
equipped -with a glass tip containing a satmated KCl-solution, sohdified 
by means of 2 — 3 per cent agar. Then the other forearm, or the leg, 
of the test subject is immersed in a vessel containing a salt solution 
(2 per cent) in which a polarization-free electrode is submerged. 

Polarization-free electrodes. These are silver-silver chloride electrodes 
■with a saturated solution of potassium chloride, solidified by means 
of 2 — 3 per cent agar, of the type described in the previous paper 
(Rosendal 1943) and with the same low resistance, less than 5 — ^10 
ohms, and the same low potential, less than 1 mV. 

Determination of the d. c.-resistance. This resistance is determined on 
the basis of voltage and current intensity, alternatingly for anodic and 
cathodic conduction, in a circuit consisting of the above mentioned 
object of measurement, a 2 volts accmn'ulator, a commutator, and a 
light spot galvanometer. The inner resistance of the galvanometer is 
16.79 ohms, and the sensitmiy is 1° = 0 .i 82 x 10^“® amperes. By 
means of shunt resistances the sensitivity can be varied between 1° = 
= 0.22 G X 10~® amperes and 1° = 2 260 X 10“® amperes. The calcula- 
■ted d. c.-resistance now applies to the composite object of measurement: 
Electrode — electrolyte — 4.9 cm® of sl^ - — internal tissue — sub- 
merged extremity — ■ salt solution — electrode. As shown in the pre- 
■vdous paper, however, the d. c.-resistance is almost solely determined 
by the small Rkin area of 4.9 cm®, so that the set-up described permits 
an investigation of the d. c.-resistance to anodic and cathodic^ conduc- 
tion for the skin area in question. As mentioned, it is especially the 
difference in the resistance to the 2 directions of current that throws 
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light on the question of the different conduction through the stratum 
corneum. In the main part of the investigations reported in the present 
paper this quantity is derived from the formula; Percentage resistance 

(anodic resistance — cathodic resistance) x 100 

difference = , r- .. The 

cathodic resistance 


error in the determination of the resistance is less than 1 per cent. 

Measuring ilie ‘potential. In the investigations of the voltage across 
the stratum corneum during and after anodic and cathodic d. c.-con- 
duction, measurements have been made of the potential between the 
two polarization-free electrodes after switching off the d. c. Voltage 
measurements have moreover been made during and after anodic and 
cathodic d. c.-conduction by means of special electrodes, arranged as 
shown in fig. 1: I) An electrode 
dipping below the surface of the 
electrol 3 rte solution in the glass 
vessel attached to the volar side 
of the forearm, and an electrode 
close to the surface of the skin at 
the bottom of the vessel. II) An 
electrode in the electrolyte solu- 
tion, and an electrode penetrating 
the stratum corneum and reaching Pig. i. Arrangement of the iron eleo- 
down into the subcutaneous trodes in the electrolyte solution (I), in 



layer, just outside the glass cy- outside the glass tube (H) 

hnder. Ill) An electrode in the t^te (III), 

electrolyte solution, and one pla- 
ced in the stratum corneum, corresponding to the skin area in- 


vestigated. 


The following electrode pairs are used: a) Ag-AgCl electrode with a 
KCl-solution, of the type employed as reference electrode in pH deter- 
minations by means of a valve potentiometer, b) Ag-AgCl electrodes, 
c) Iron electrodes, d) Copper electrodes. Electrodes b, c and d consist 
of 1/3 — 1/2 mm thick metal wire, fused into a glass tube with angularly 
bent tip, the wire extending ^/j cm out of the glass tube. The electrode 
pairs a, b, c and d are used in experiments of type I, while electrodepair 
c is used in experiments of types II and III. 

The voltage is measured by means of a valve potentiometer which 
permits a determination of up to 1 000 mV, with an error of about 
1/2 mV. 

Determination of a. c.-resistance and phase angle.^ The impedance (Z) 
and the phase angle {cp) of the object of measurement are determined at 
different frequencies by means of a Grutzmacher bridge. The method 
is described by Grutzmacher (1934) and by Nielsen (1936). The 
normal resistance is an inductance-free resistance decade of 100 000 
ohms, with an error of 1 per cent. An a. c.-valve voltmeter is used for 


^ This part of the investigation was carried out at the L^orat(^ in 

Copenhagen, and the author is greatly indebted to the Physician -in-Chief, U. M. 
Hekeiquxs, D. Sc., for permission to perform this work. 







Table I. 

Individual, regional and daily variation of the d.c.-resistance in ohms and of the percentage resistance 
difference for 4.9 cm=* skin — 2 volts, electrolyte 1 molar KOI solution, anodic and cathodic 
conduction 2 minutes in each direction and after conduction for 6 min. 
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made of the d. c. -resistance to anodic and cathodic conduction 
using solutions of ISTH^Gl, NaCl, KOI, CsCl, KBr as vrell as KJ as 
contact electrolyte. In the individual series either the cation or 
the anion has been varied, maintaining the same anion (Ci~) and 
cation (K'*') respectively. The skin is washed several times with 
distilled water between each determination of its resistance. The 
results in the case of 3 persons are given in table II. 

Table n. 

Resistance in ohms to anodic and cathodic conduction, each 
lasting 2 min. 4.9 cm® skin (forearm) and 2 volts and the percen- 
tage resistance difference after moistening the skin and conduc- 
tion for 6 — ^10 min., using different salts as contact electrolyte. 
The proportionality factors of the table are calculated on the basis 
of the percentage resistance difference, the first value in each set 
of experiments being put = 100. 


Test person 


Anodic 
j resist. 

Cathodic 

resist. 

Percentage 

resistance 

difference 

Proportio- 

nality 

factor 

H.F 

1/10 m KCl 

1 

' 66,500 

43,500 

112 

100 



— — KBr 

32,500 

16,200 

100 

89 


— — KJ 

, 28,700 

15,500 

85 

76 

H.F 

1/1 m KJ 

43,000 

9,300 

362 

100 

— 

— — KCl 

■ 26,500 

10,700 

148 

41 

H.H 

1/10 m KJ 

' 442,000 

330,000 

34 

100 

— 

— — KBr 

530,000 

400,000 

22 

66 

— 

— — KCl 

520000 

400 000 

30 

88 

H.H 

1/1 m KJ 

115,000 

34,500 

232 

100 



KCl 

■ 89,000 

34,250 

160 

69 



— — KJ 

81,000 

35,000 

131 

56 

H.H 

1/1 m NH.Cl 

' 177,000 

100,000 

77 



— — NaCl 

; 96,000 

56,000 

71 


J.H 

1/1 m KCl 

176,000 

30,000 

487 


— 

— — CsCl 

, 200,000 

42,000 

376 



Rrom the calculated percentage resistance differences and the 
corresponding proportionality factors it will be seen that the resist- 
ance to the 2 directions of current is independent of whether the 
contact electrolyte is a solution of KCl, KBr or KJ, conformable 
results being obtained when the sequence of the 3 salts is changed. 
The same is also true of solutions of ISRCiCl and CsCl. 

Assuming that the d. c.in the case of anodic conduction is con- 
veyed to the stratum corneum by means of the cation, and in the 
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case of cathodic conduction by the anion, the experiments show 
no interdependence of the resistance of the stratum corneum to 
anodic conduction and tlie cations used, nor of the resistance to 
cathodic conduction and the anions used. 

b) Concentration of electrolyte. 

^^^ren investigating the dependence of the sldn resistance and 
of the percentage resistance difference upon the concentration of 
the electrolyte, the contact electrol}d;e consists of aqueous solutions 
of KNOa, KCl, EjSO^, l^HjCl, FeCIg and AICI3. In some of the expe- 
riments the concentration is increased from 1/100 to 1/10 molar, 
in others from 1/10 to 1 molar, while in some even to the point 
of saturation. The indiNudual sets of experiments are, as pre- 
viously mentioned, applied to different regions, and the skin is 
washed several times with the salt solution in question before 
determining the resistance. The results are recorded in table III 
and fig. 2. 

Table in. 

Kesistance in ohms to anodic and cathodic conduction, each 
lasting 2 min. 4.9 cm- skin (forearm) 2 volts, and the percentage 
resistance difference after moistening and conduction for 5 — 10 
min., with different salts of different concentrations as contact 

electrolyte. 


Test j)crsoii 

Electrolyte ! 
(ra = raolnr) , 

Anodic 

resist. 

Cathodic 

resist. 

Percentage 

resistance 

difference 

H.F 

’ 

1/10 m KNO, 

119,000 

79,500 

49 

- 

1/1 

41,000 

22,000 

86 

P.B 

1/2 m KCl ! 

44,000 

20,000 

120 1 


eaturated — 

22,500 

6,300 

257 ; 

P.B 

1/10 m K.SO 4 ■ 

65,000 

28,000 

132 

_ 

saturated — i 

29,000 

9,000 

222 

P.B 

1/10 m HH.Cl ' 

26,000 

16,000 

62 ; 

— 

1/1 - - ! 

12,600 

4,500 

180 i 

H.F 

1/100 mFcCl, : 

900,000 

110,000 

718 1 

— 

1/50 — - 

395,000 

31,500 

1,150 1 

H.H 

1/100 mAlCl, i 

750,000 

103,000 

629 ! 

- 

1/10 -- - i 

500,000 

12,500 

3,900 

In all experiments a fall occurs in the resistance to the cathodic 


as well as to the anodic conduction, and a rise in the percentage 






190 


THOMAS ROSENDAL., 



Fig. 2. The significance of the concentration of the contact eleot'roljTO.ito thi 
resistance of the stratum comeum to altematingly anodic and cathodic, d.^c.Vpon 
duction (2 V.) Region of measurement 4.9 cm* on the volar side of the fbfeam 

Test person H. H. ' 

Ordinate: (left) resistance in ohms, (right) current intensity in mA';;;Y;)\'':i)iy 

Abscissae: time in minutes. 

O anodic conduction, • cathodic conduction.' ' ■■ 

resistance difference, wien the concentration ;ofi the:' contact, ^elec- 
trolyte is increased. The curves of fig. 2 show that the resistahce 
to anodic conduction is independent of the rise in the-;eleci|pl^e 
concentration. The same is not true of the resistance to ,ha.th6^c 
conduction, which decreases considerably at- high cbncenpaiii^^^^ 
with a corresponding rise in the percentage resistancef.d^erence.; 
The smooth fall in the resistance to anodic conductipn:&^ 
of both concentrations is, as previously raehtibnedi due 
in the electrolyte content of the 8tratum.:corneim.^;^g;;ta^^ 
moistening and the conduction of the- efebtric'fciraen^jS^ 
the fall in the . resistance to catholic ' conduction at Me ;higmcbn^ 
centration of electrolyte, it is natural to aispciaM^t^ 
with the .riM in the concehteatibh of ambm^Mat conyeyM^^^ 
into the skin by;b,athbdic'(^^^ which, one may sup- 

pose, the btratum^raeum^ 

■ of the electrolyte^ ' 

i&'ihyesti^ of the influence wliich .the .va-. 

lencv.^ahd esbebiaUwMatdf.the’catw^ has on the d. c.rrcsistanco 
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of the Stratum corneum to the 2 directions of current and on the 
percentage resistance difference. Two test persons are included 
and a determination is made of the d. c.-resistance to anodic and 
cathodic conduction, using equimolar salt solutions -with in- 
creasing valency as contact electrolyte. In the individual experi- 
ments the resistance is determined before and after exchange of 
equimolar solutions of FeClj'with FeClj, KOI with FeCls, KCl with 
AICJ3, and ECl with CaClj and then with AICI3. The sMn is washed 
several times with the salt solution used before the resistance is 
determined. 

Egs. 3, 4 and 5 show the resistance of the stratuln corneum to 
the 2 directions of current, as well as the calculated percentage 
resistance difference in the case of the 2 test persons, the contact 
electrolyte being, respectively, 1/10 molar FeClj, dHsO and 1/10 
molar FeClj, OHjO, 1/10 molar KCl and 1/10 molar AICI3, 6HsO, 
1 molar ECl, 1 molar CaClj and 1 molar AICI3, 6 H 2 O. 

The curves show that the resistance to anodic conduction is at 
about the same level before and after the rise in the valency of 
the cation. The resistance falls slightly due to the moistening of 
the stratum corneum with the electrolyte. Contrarily it is found 
that the resistance to cathodic conduction falls very considerably 
with a corresponding rise in the percentage resistance difference. 

Thus the experiments give results which resemble those ob- 
tained W’hen increasing the concentration of the salt solution 
(section b, p. 189), i. e., a large fall in the resistance to cathodic con- 
duction with practically no changed resistance to anodic conduc- 
tion. The explanation of the fall in resistance should therefore be 
explainable by the rise in the anion concentration {Ol~) which is 
brought about by the higher cation valency. 

Since the flow of current, as previously mentioned, in coimection 
with the conduction through the stratum corneum, must be as- 
sumed to take place by means of the inorganic cations, and in the 
case of cathodic conduction by the inorganic anions, this experi- 
ment, too, makes it probable that the stratum corneum is more 
'permeable to inorganic anions than to inorganic cations. 

3) The significance of some organic electrolytes with respect 
to the d. c.-resistance of the stratum corneum and the percentage 
resistance difference. 

Having shown that the resistance of the stratum corneum to 
cathodic conduction decreases with a rising concentration of the 
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Ohmi 



Ohms 
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Figs. 3, 4. 5. The significance of the valency of the eontact electrolyte, 
especially the cation, to the resistance to nltcrnatingly anodic and cathodic d. c,- 
conduction for 2 niin»itc.s at 2 volts. 4.9 cm* of the stratum corneum on the volar 

side of the forearm. 

Test person: Fig. 3, H. F. Figs. 4 and 3, H. F and H. H, 

Ordinates (left) resistance in ohms, (right) current intensity in mA. 

Ahsci.ssac: time in minutes. 

O anodic conduction, • cathodic conduction. 

inorganic anion (Cl“), we shall now investigate whether the size 
of the anion has any influence upon the resistance of the stratum 
corneum to the same direction of current. Hence, determinations 
are made of the resistance to the 2 directions of current, using 
solutions of 1/2 and 1 molar sodium citrate, 1 molar sodium ben- 
zoate, and 1/10 molar sodium taurocholate as contact electrolyte. 
The solutions all have a large organic anion and the same inorganic 
cation. 

Tlie results of experiments on 4 test persons may he summed up 
as follows: The difference in the resistance of the stratum cor- 
neum to the 2 directions of current, employing the above men- 
tioned organic electroljde solutions, is considerably smaller than 
when inorganic salt solutions are used as contact electrolyte, the 
percentage resistance difference varying between 5 and 16 per 
cent. Some of the experiments even show that the resistance to 
cathodic conduction is greater thap to anodic conduction. 

These results are best explained by assuming that the perme- 
ability of stratum corneum to organic anions in cathodic conduc- 

13 — ^ii3582. Actaphys, Scandinav. Vol.8. 
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tion is smaller than that demonstrated in the earlier sections in 
the case of inorganic anions, thns indicating that the size of the 
anion has an influence on the d. c.-resistance of the sHn. 

When considering the reason for the above demonstrated diffe- 
rences in the resistance of the stratum corneum to the 2 directions 
of current when inorganic salt solutions are used as electrolyte, 
one may seek the explanation either in electrolytic polarization as 
occurring only in the case of anodic conduction, or in a different 
conductivity of the stratum corneum for the 2 directions of current. 
Some supplementary investigations have been carried out. 

First, measurements have been made of the voltage across the 
stratum corneum before, during and after anodic and cathodic 
conduction, in order to determine whether, after switching off 
the d. c. one can measure a potential of the same magnitude and 
with the same sign as the voltage applied. 

Next, measurements have been made of the a. c.-resistance of 
the stratum corneum immediately after anodic or cathodic d.c.- 
conduction, for the purpose of investigating whether the a. c.- 
resistance of the stratum corneum changes parallel to the d. c.- 
resistance to the 2 directions of current, as one would expect if 
the second of the above explanations were correct.^ 

The results of these measurements are reported in the following 
two sections. 


B. Investigations on the Potential across the Stratum 
Corneum during and after Anodic and 
Cathodic d.c.-Conduction. 

The technique mentioned onp. 186 has been employed in a series 
of experiments involving 2 test persons, for the purpose of record- 
ing the voltage across the stratum corneum before, during and after 
anodic and cathodic d. c.-conduction. The results are as follows; 

1) By conduction from the two current-supplying, polarization- 
free Ag-AgCl-KCl-electrodes to the valve potentiometer a poten- 

1 In the case of a polarization cell consisting of an Ag- and an AgCl-electrode in 
a solution of KCl we find for the d. c.-conduction from the AgCl-electrode through 
the KCl-solution to the Ag-electrode an increasing resistance like the change m 
resistance of the stratum corneum during anodic conduction. After switching olf 
the d. c.'a polarization potential can be measured across the cell, of almost the 
same magnitude and with the same sign as the potential applied. The a. c.-resist- 
ance of the polarization cell is constant and does not change parallel to the d. c.- 
resistance. 
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tial of not more than 20 mV between the electrodes can be recorded 
after discontinuing the 2 000 mV applied across the object of 
measurement in the case of anodic conduction. 

2) By measuring with two special electrodes (type a, b, c and 
d, p. 185) placed, respectively, on the surface and deep in an electro- 
13^)6 (the solution being 1/10 molar, 1 molar or saturated KCl, 
1/10 molar CUSO4, and 1/10 molar BeCl.) in the glass tube attached 
to the sidn (Big. 1, I, p. 185), there can be recorded a potential of 
not more than 20 mV during anodic and cathodic conduction vdth 
1 000 mV and with a t3*pical change in the resistance of stratum 
corncum. After SAvitching off the current the potential is less than 
10 mV. 

3) B}' measuring the potential between an iron electrode (t3'pe 
c, p. 185) in a 1/10 molar Bed., 4H,0 solution in the glass tube at- 
tached to the skin and an iron electrode penetrating into the sub- 
cutaneous tissue just outside the glass tube (fig. 1, II, p. 185) during 
anodic and cathodic conduction the potential is found to be almost 
of the same order of magnitude as that applied across the object 
of measurement- (I 000 mV), and it is constant in spite of typical 
changes in d. c.-resistance to the 2 directions of current. After 
stopping both the anodic and the cathodic conduction no potential 
can be recorded between the iron electrodes. 

i) Binalh', measurements have been made of the potential 
between an iron electrode in a 1/10 molar BeClj, 4H2O solution in 
the glass tube attached to the skin and an iron electrode intro- 
duced into the stratum corncum Avithin the glass tube (fig. 1, 
III, p. 185) during and after d. c.-conduction AAUth a potential of 
900 — 1 000 mV. In all experiments it is possible to record a part 
of the applied voltage, and the major part during anodic conduc- 
tion. Some of the experiments shoAv parallelism between the re- 
corded voltage and the magnitude of the resistance of stratum 
corncum to the 2 directions of current. After discontinuing the 
anodic conduction (900 — 1 000 mV) it is only possible to record 
a potential between the iron electrodes of 50 — 100 mV, Avith the 
same .sign as the voltage applied.^ 

* The rcconling of the voltage across the iron electrodes, and of the a. c.-resist- 
nnee (follo\ving section) after anodic and cathodic conduction is made 5 — 10 
seconds after switching off the d. c. It has been found, however, that the spon- 
taneous change in the d. c.-resistance to anodic and cathodic conduction after 
stopping the current is so slow that no error is committed by comparing the mea- 
sured d. c.-resistance to the 2 directions of current with the potential between the 
iron electrodes measured 5 — 10 seconds later (or with the a. c.-resistance considered 
in the ne.vt section). 
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The different voltage recordings show that no 'potential can be 
measured across the stratum corneum which can explain the increase in 
resistance during anodic conduction. 

The small potential measured in experiments of type 2 corres- 
ponds to the slight fall in voltage in the good conducting electro- 
lyte in the glass tube attached to the skin. The agreement found 
between the potential measured across the stratum corneum in 
experiments of type 3 and the voltage applied across the object 
of measurement shows that the major part of the fall in potential 
occurs through the stratum corneum, which is also the seat of the 
resistance of the object of measurement. The voltage measure- 
ments in experiments of type 4 must be accepted with a certain 
reservation, since the introduction of the iron electrode into the 
stratum corneum alone is difficult, and it is probable that the 
tip of thi's electrode extends down into the stratum germinativum 
(fig. 1, III, p. 186). This method involves both tapping of voltage 
in the poorly conducting stratum corneum and in the good conduct- 
ing stratum germinativum, with a possibility of secondary currents 
between these 2 places of the iron electrode — ■ a circumstance 
which perhaps may explain the potential of 50—100 mV mea- 
sured in the experiments. When we find the potential measured 
between the iron electrodes to change parallel to the resistance 
during anodic and cathodic conduction — and the change being 
most considerable during the anodic conduction — • the explana- 
tion must be that the 2 electrodes are tapping part of the voltage 
applied across the stratum corneum, and that this part is at its 
greatest when the resistance between the 2 iron electrodes is 
maximal. 

Summing up the experimental results it will be seen that the 
demonstrated difference in the resistances of the stratum corneum 
cannot he explained hy electrolytic polarization. 


C. The a.c. -Resistance of the Skin after Anodic and 
Cathodic d.c.- Conduction. 

Using the arrangement devised by Gkutzmachee (p. 185), a num- 
ber of determinations have been made of the stratum corneum’s 
a, c, -resistance, or impedance and phase angle at 200 and 2 000 
cycles, 5 — -10 seconds after measuring the d. c.-res’stance to ano- 
dic and cathodic d. c. -conduction respectively. The results are 
given in table IV. 
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Table IV. 

D.c.-resistance in olims for 4.9 cm- on the volar side of the 
forearm — the potential being 2 volts and the contact electrolyte 
a saturated solution of KGl — after anodic and cathodic conduc- 
tion respectively, and the impedance (Z) in ohms and the phase 
angle (93) in degrees, together with the calculated values of Kp 
and Xp in ohms determined 5 — 10 seconds after switching off 
the d.c.-current. Test person K.C. (Cycle = c). 


Direction 
of current 

• 

Re- 

sistance 

ohms 

^I'OO c. 
ohms 

*P200 c. 
degrees 

^2000 c. 
ohms 


ohms 

ohms 

anodic . . 

57,000 

16,500 

67.S 



43,700 

17,800 

cathodic . 

20,000 

13,400 

49 



20,500 

17,800 

anodic . . 

57,000 

16,200 

65 



38,400 

17,900 

anodic . . 

57,000 



2,340 

78,2 

11,450 

2,390 

cathodic . 

17.400 



2,330 

74 

8,460 

2,420 

anodic . . 

50,000 



2,340 

78 

11,250 

2,390 

cathodic .. 

15,400 



2,330 

74 

8,460 

2,420 


The table shows that the a. c.-resistance and the phase angle of 
stratum corneum at 200 and 2 000 cycles change parallel to the 
d. c.-resistance to the 2 directions of current. From the calculated 
equivalent resistance and reactance components Rp and Xp 
(see p. 186) for a parallel system for the stratum corneum it will be 
seen that it is solely the ohmic component of the a. c.-resistance 
that is changed by anodic and cathodic conduction, while the 
reactance Xp remains constant. The change in Bp becomes more 
prominent at 200 than at 2 000 cycles, in agreement vrith the cir- 
cumstance that the a. c. -conduction through the stratum corneum 
at low frequencies predominantly occurs through the ohmic com- 
ponent, while the conduction at higher frequencies primarily is 
capacitive. 

If we now imagine the ohmic component of the a. c.-resistance 
localized to the stratum corneum, it must be to the same more or 
less electrolytefilled conduits or spaces that also serve in the d. c.- 
conduction for anodic and cathodic direction of the current. 
Hence, when it is possible to show a change in a. c.-resistance of 
the stratum corneum parallel to the d. c.-resistance in the case of 
anodic and cathodic conduction it must mean that ike different 
d. c.-resistance is due to a different conductivity in stratum corneum 
for the 2 directions of current. 
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In addition to the above mentioned investigations on the a. c.- 
resistance of stratum corneum after anodic and cathodic d. c.- 
conduction, determinations have also been made of the a. c.- 
resistance for the same object of measurement at 200 and 2 000 
cycles, before and after d. c. -conduction for a certain period of 
time, the electrolyte being a 1 molar and a saturated KOl-solution 
respectively. This investigation too shows a fall in the a. c.-resis- 
tance of the stratum corneum, and only in the ohmic component, 
parallel to the fall in the d. c. -resistance, the fall likewise being 
due to a change in the conductivity of stratum corneurd, corres- 
ponding to the rise in the electrolyte content of stratum corneum 
which is demonstrated in an earlier paper (Eosendal 1943), 
The fall in the a. c, -resistance is most considerable when the 
saturated KCl-solution is used as electrolyte. Moreover, it is 
greater at 200 than at 2 000 cycles, and non-existent at 20 000 
cycles — in agreement with what has previously been mentioned 
(p . 197) regarding the a . c.-conduction through the stratum corneum 
at low and high frequencies. 

An investigation of the test object’s a. c.-resistance at 200, 2 000 
and 20 000 cycles shows that the a, c.-resistance at these fre- 
quencies is independent of the a. c.-potential within the range from 
50 to 5 000 mV (no higher voltage has been tried) . Since the ear- 
lier investigations on the conducting properties of the human 
organism to alternating current (Eosendal 1940) all are carried 
out at 50 mV, their scope was limited. The present experimental 
results show, however, that we are now able to extend the validity 
of the earlier a. c, -investigations up to a. c.-potentials of as much 
as 5 000 mV. The author has in mind, especially, the demonstrated 
frequency dependence applying to frequencies above 500 — 1 000 
cycles for the a, c.-resistance (Z) of stratum corneum, and the 
frequency independence applying to the phase angle (9?) of stra- 
tum corneum, expressed by the equations Z = k • and 

qi=za- ^ where co is the angular velocity and a =0.9. 


Discussion. 

The present investigations show that the difference in the re- 
sistance of the stratum corneum to anodic and cathodic d. c.- 
conduction is not due to electrolytic polarization in the case of 
the anodic conduction, but is caused by a difference in the con- 
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ductivity of tlie stratiun corneum witli respect to the 2 directions 
of current. 

Theoretically, the d. c.-conduction through the corneous layer 
must be determined by the permeability to anions and cations 
which are present in the solution on the outside surface of the 
stratum corneum and in the tissue fluid on the inside of the cor- 
neus layer. The experiments show, however, that the difference in 
resistance to the 2 directions of current to a very high degree is 
determined by the nature and the concentration of the salt solu- 
tion on the surface of the stratum corneum, and, especially, that 
the percentage resistance difference increases wi<-h a rise in the 
concentration of inorganic anion. If the contact solution applied 
to the stratum corneum is free from electrolyte, or contains but 
little electrolyte (distilled water has been tried) then the diffe- 
rence in resistance to the 2 directions of current disappears or 
falls below 10 per cent, showing that the electrolytes of the tissue 
fluid do not contribute to the difference in resistance. An experi- 
ment with tissue fluid from a blister as contact electrolyte on the 
corneus layer shows a difference in the resistance to the 2 direc- 
tions of current similar to that found in the case of inorganic 
salt solutions. Similar results are obtained in the case of the stra- 
tum corneum from a blister and from an amputated leg, with the 
same salt solution on each side of the corneous layer. Considering 
these experimental results it will be seen that the difference in 
the resistance of the stratum corneum to the 2 directions of current 
is not due to any difference in the electrolyte solution on the out- 
side and on the inside of the stratum corneum. The only explana- 
tion is that the stratum corneum is 'permeable to inorganic anions, 
but not, or at least only to a slight degree, to inorganic cations. 

lYhen the corneous layer is more permeable to inorganic anions 
than to inorganic cations it cannot be because of a difference in 
the ionequivalent electric conductivity, since this is practically 
the same for the anions and cations used. Nor can the reason be 
the different size of inorganic anions and cations; in the case of 
the ions used here roentgen spectrography shows a diameter of 1 *2 
A^, and about 3 A if we include the water of hydration in the case 
of T’e++, T’e+++ and A1+++. 

As an explanation of the difference in the permeability to inorga- 
nic anions and cations through the stratum corneum one might 

^ Intemat. Tabelle zur Bestimmung von Knstallstrukturen, Yol. IT, Berlin 1035. 
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assume that the corneous layer is an electropositively charged 
membrane, and hence only permeable to inorganic anions. 

A basis for this assumption is found in the investigations by 
Bethe and Toropofp (1914 and 1915), Michaelis and co-vorkers 
(1925—1927), Mond and Hoffmann (1928), Breunduch (1930) 
and Hober (1936), all dealing -with the polarity of organic mem- 
branes. According to these investigations the electronegatively 
charged collodion membrane is permeable to cations, but not to 
anions. If the pH of the membrane is lowered, i.e., the membrane 
becomes electropositively charged, the permeability will change 
and the membrane is permeable to anions only. "When d. c. is 
conducted through a collodion membrane, with equimolar elec- 
trolyte solutions on either side, it may show unipolar conductivity, 
i. e., function as a rectifier (Labes and Zain (1927), Blinks 
(1930) . The change in the conductivity is due to a change in ohmic 
resistance, and back-e. m. f. is of less importance. 

If the protein membrane “stratum corneum” has a positive wall 
charge in all its pores — which according to the above mentioned 
investigations should be true of a protein membrane at higher 
hydrogen ion concentrations — then we can explain why the con- 
ductivity is higher for the inorganic anion than for the inorganic 
cation. 

In support of the idea of the higher hydrogen ion concentration 
in the corneous layer reference may be made to Schade and 
jVlARCHiONiNi (1928) who found acid reaction on the surface of 
the stratum corneum. 

When organic salt solutions are used as contact electroljde there 
occurs a reduction of the percentage resistance difference, which 
indicates that the size of the anion has an influence on the per- 
meability. Binally, it has been foimd in experiments with HCl- 
solutions of different concentrations, up to 1/10 N, that the resis- 
tance of the stratum corneum to anodic conduction is lower than 
it is to cathodic conduction. Since the transport of the current 
into the stratum corneum during anodic conduction must be 
supposed to take place by means of hydrogen ions, and since the 
equivalent conductivity of these ions is several times larger than 
that of the chloride ions (315 — ’64), we may here have an explana- 
tion of the reason for the change in the conductivity of the stra- 
tum corneum. 

The different conductivity for the 2 directions of current is, 
as mentioned in the earlier paper, dependent on the size of the 
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potential difference. The difference is not found at low potentials 
(up to 100 mV), and it likewise disappears when the potential 
exceeds 2 — 4 volts, when there occurs a shortcircuiting of the 
stratum corneum, setting up low-ohmic shunt resistances. The 
difference in conductmty for the 2 directions of current is most 
pronounced when the object of measurement is a small region 
of skin in series with a many times larger indifferent skin area. 
If the object of measurement involves 2 skin areas of equal size, 
the particular permeabilities will neutralize each other. 

According to the earlier theory regarding the conducting prop- 
erties of the skin to electric current — as it is presented, for 
example, in Schaefer’s “Electrophysiologie” (1940) — the 
high-frequent a. c.-resistance is the true resistance of the sldn, 
wliile the d. c.-resistance must be considered a polarization phe- 
nomenon, localized to cell membranes in the Ihdng cell layer of 
the stratum ge^minati^'um. The stratum corneum is thought to 
be without any significance for the resistance in comparison with 
the stratum germinati\nim. A change in the membrane permea- 
bility of the li\*ing cell layer should be recorded as a change in the 
d. c.-resistance. According to the present investigations, it becomes 
necessary to abandon this theory. The d. c.-resistance and the 
a. c.-resistance represent two different aspects of the corneus 
layer as electric conductor, determined, respectively, by the elec- 
trolyte content in and on the stratum corneum, as well as by the 
direction of current, and the dielectric effect of the stratum cor- 
neum. A change in the electrol}’te content can be recorded both 
as a change in the d. c.- and the a. c.-resistance, as it has been 
shown in the case of Graves’ disease and myxedema. 

A later paper will deal with further investigations on the con- 
duction of alternating current through the stratum corneum, and 
especially with the dielectric properties of tliis layer. 

Summary. 

The resistance of 4.9 cm® of the stratum corneum to direct 
current (2 volts), when inorganic salt solution is used as contact 
electrolyte, is found to be lower at cathodic conduction^ where 
inorganic anions pass into the stratum corneum than at anodic 
conduction' where inorganic cations pass into the corneous layer. 

A rise in the concentration of the contact electrolyte, or in the 
valency of the cations — both changes producing an increase in the 

^ See foot-note p. 183. 
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concentration of tlie inorganic anions of tlie contact electrolyte ~ 
leads to a further reduction of the resistance at cathodic conduction 
while the resistance at anodic conduction is not changed. 

Measurements of the potential across the stratum corneum 
before, during and after conduction of direct current, with anodic 
and cathodic direction, indicate that the greater resistance to 
anodic conduction is not due to electrolytic polarization. 

Determination of the a. c. -resistance at 200 and 2 000 cycles 
after anodic and cathodic d. c. -conduction shows that the diffe- 
rence in resistance to the two directions of current is due to a 
different conductivity of the stratum corneum. The different con- 
ductivity is caused by the fact that the stratum corneum is more 
permeable to inorganic anions than to inorganic cations. It is 
assumed that the reason is that the stratum corneum, like other 
organic membranes, is positively charged. 


The author wishes to express his most sincere thanks to Fritz 
Buchthal, M. D. for his stimulating advice and valuable help 
during the investigations. The author is also indebted to Professor 
R. W. Asmussen and to Mr. E. Kaiser, Engineer, for their kind 
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Finally, sincere thanks are due the administrators of the L. 
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The disease of the fox commonly known as Chastek paralysis 
represents an unusual type of a %ntamin deficiency disease in that 
it results from a destruction of the dietary thiamin occurring, 
preliminary to absorbtion. The exhaustive studies of Green, 
Carlssok and Evans (1941) clearly demonstrated that the de- 
struction, and consequently also the paralysis, occurred if certain 
species of fresh or frozen fish were added to the ration given to 
foxes. Since the addition of excessive amounts of thiamin to a 
ration containing fish prevented the disease, it was concluded that 
some component of the fish was responsible for the tliiamin loss 
and further that this loss occiured during the intimate mixing of 
the fish tissue with the thiamin containing portions of the diet. 
WoLLEY (1941) reported that the active ingredient in fresh carp 
was heat labile, not dialysable and could be extracted with 10 per 
cent solution of sodium chloride. These extracts were found to 
inhibit the growth-promoting effect of thiamin on yeast cells 
(Endomyces vernalis). The same year Spitzer, Coombes, Elve- 
HJEM and WisNiCKY demonstrated that chicks in whose diet 25 
per cent of raw carp Avere included developed typical signs of 
vitamin Bi-deficiency, . though the food Avas otherAvise containing 
adequate quantities of Autamin Bi. Animals fed on raw carp 
entrails developed polyneuritis earlier than those fed on the heads 
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and tails or the muscle, meat or skin. Experiments in vitro showed 
that the inactivation took place in the food-mixture and that it 
■ was proportionate to the time of contact with the fish. It was 
suggested that the action was of enzymatical nature. 

In 1943 Seaeock, Livermore and Evans reported the results 
of their continued investigations. They likewise concluded that 
the rapid destruction by heat, and the precipitability by com- 
mon protein precipitants indicated that the fish principle was of 
protein nature. They also considered the factor to be of enzyma- 
tical nature and investigated the distribution of the factor in carp 
^^scera. It was present mainly in the majority of the visceral 
tissues and to a lesser degree in the trimmings (heads, sMns, 
fins and skeleton). On the other hand, the meat (“somatic muscle”) 
contained little or none of the principle. From the results obtained 
by Green and coworkers it could be suspected that the thiamin- 
inactivating factor might be present in other fishes than carp. 
In view of the fact that fish is frequently included in the ration 
of foxes in this country too and that endemic occurrences of 
Chastek paralysis have also been reported here (Carlstrom 
and Kubarth, 1943) it was decided to investigate the distribution 
of the thiamin inactivating factor in some common Swedish 
fishes. 


Experimental. 

Since Sealock and coworkers stated that aqueous extract of fresh 
fish tissues were subjected to a loss of activity even when stored 
at 5° C, special precautions were taken to exclude the danger of an 
inactivation of the thiamin destructing factor. The investigation was 
carried out during the coldest season of the year. Fishes caught in 
the vicinity of IJpsala were bought at the local fish market. Fishes 
caught in places remote from Upsala were sent to the laboratory 
as speedily as possible in ice boxes. As soon as the fishes reached 
the laboratory the entrails of the fishes were dissected free and 
liver, spleen, pancreas, gastrointestines, gills, kidneys and heart were 
grinded to a brei and immediately analyzed or stored at — 15° 0. The 
figures obtained by Sealock and coworkers suggested that testes, 
ovaries, swim bladder, skin, bone and muscles contained a very low 
concentration of the factor and therefore they were excluded from 
the analysis. Before it was discovered that the factor could be stored 
for months at — 15° C without any inactivation occurring, the prepara- 
tion of a stable dr)'^ powder was considered essential. This was accomp- 
lished by treating the thoroughly minced viscera with cold acetone or 
alcohol + ether in the same way as described by Sealock and co- 
workers. 
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Method of Assaj’, 

Since a chemical method would permit a greater number of deter- 
minations in a given period, the colorimetric diazonium method by 
Melnick and Pield (1938) was used. In carrying out the determina- 
tions the procedure outlined by Sealock and coworkers was mainly 
followed. To 3 ml aliqouts of fish brei or dilutions of brei, 1 ml of O.oi 
M phosphate buffer pH 7 A was added. Then 1 ml of a thiamin solution 
containing 700 jug of vitamin -was added and after incubation for 2 
hours or longer at 40° C, 5 ml of 20 per cent trichloracetic acid solution 
were added (in the Tables these digestion tests are abreviated to D. T.). 
The solution precipitated unth trichloracetic acid was allowed to stand 
for 30 minutes in order to obtain a complete precipitation. After centri- 
fugation, 2 ml aliquots of the supernatant fluid were ana,lyzed for 
thiamin and compared with a solution (in the Tables termed control 
test = C. T.) which, apart from the fact that the trichloracetic acid had 
been added imme^ately following the thiamin addition, and that in- 
cubation had been omitted was in every respect identical. The colour 
obtained in the Melnick and Field reaction was read off by means of 
a Pulfrich photometer, filter = S 50, 1 cm. cups. The figures obtained 
were taken to a calibration curve constructed from values obtained 
with standard solutions of vitamin Bj. A comparison of the figures in 
Tables 2 — 4 shows that the absorbtion values of the digestion tests 
may sometimes be 20 per cent higher than those of the control tests. 
Sealock and coworkers state that an assay of a given extract may be 
accomplished with an average error not greater than ^ 5 per cent. 
In this work it has been assumed that no real enzymatical inactivation 
had taken place unless the absorbtion values of the digestion tests were 
more than 30 per cent lower than the control tests. 

Each gram of \dscera according to Sealock and coworkers yielded on 
the average O.io g of dry pow'der. In preparing solutions of this material 
usually 0.5 g of pow'der was shaken for 1 hour with 10 ml of a 10 per cent 
sodium chloride solution. The mixture w'as centrifuged and 3 ml ali- 
quots of the supernatant fluid were analyzed as described above. The 
different modifications of the method of Melnick and Field usually 
include a preliminary adsorbtion of vitamin Bi on zeolite or similar 
materials. It is stated that this procedure increases the specifity of the 
method. In the present investigation the adsorbtion technique was not 
used regularly. The procedure is rather time-consuming and involves 
further losses of Bi and — if not absolutely necessary •— should be 
avoided. In several series of analyses a preliminary adsorbtion on fran- 
konit was used. The experimental conditions were the same as given 
by Platt and Glock (1943), but instead of superfiltrol we used fran- 
konit. The figui'es obtained with or without adsorbtion of either 
standard solutions of vitamin or of fish-brei to which ■ritamiu had been 
added were in complete agreement. Thus the elimination of the prelim- 
inary absorbtion of the vitamin was considered permissible m the 
present investigation. In table 1 the Swedish, English and Latin names 
of the investigated fishes are given. 
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Table 1. 

The analyzed fishes. 


“Asp” 

Asp 

Aspius rapax (Leske) 

Baltic herring 

Strdmming 

Clupea harengus (L.) 

“Bjorkna” 

Bjorkna 

Abramis bUcca (Bloch) 

Bream 

Braxen 

Abramis brama (L.) 

Burbot 

Lake 

Lota vulgaris (Jen.) 

Carp 

Karp 

Cyprinus carpio (L.) 

Char 

Roding 

Salmo salvelinus (L.) 

Cod 

Torsk 

Gadus callarias (L.) 

Crucian 

Ruda 

Cyprinus carassius (L.) 

Gar-fish 

Kabbgadda 

Belone acus (Risso) 

Gurnard 

Knot 

Trigla gurnardus (L.) 

Herring 

Sill 

Clupea harengus (L.) 

Ide 

Id 

Leuciscus idus (L.) 

Lump-fish 

Sjurj-gg 

Cj’clopteriis lumpus (L.) 

^lackeret 

Makrill 


ilelt 

Kors 

Osmerus eperlanus (L.) 

Percli 

AbboiTc 

Perea fluviatilis (L.) 

Bike 

Giidda 

Esox lucius (L.) 

Pike-perch 

Gos 

Luciopera sandra (Cuv.) 

Plaice 

Rodspotta 

Plcuronectcs platessa (L.) 

Koach 

Wort 

Leuciscus rutilus (L.) 

Rudd 

Sarv 

Leuciscus erythrophtalmus (L.) 

Salmon-trout 

Oring 

Salmo trutta (L.) 

Sprat 

Skarp Sill 

Clupea sprattus (L.) 

Tench 

Sutare 

Tinea vulgaris (Flem.) 

Trout 

Forell 

Salmo irideus (Gibb.) 

White-fish 

Sik 

Coregonus lavaretus (L.) 

Whiting 

Vitling 

Gadus merlangus (L.) 

“Vimma” 

Vimma 

Abramis vimba (L.) 

Wolf fish 

Havskatt 

Anarrchichas lupus (L.) 


Results. 

Tlie results obtained -with extracts on dry viscera from a series 
of fishes are given in Table 2. 

Of all the fishes mentioned in Table 2 only the carp contained 
a considerable amount of the vitamin inactivating factor. The 
figures obtained by analysing fresh viscera are given in Table 3. 

In the majority of the investigated fishes the vitamin inactivat- 
ing factor did not seem to be present. It appeared however desir- 
able to secure = — if possible — more definite evidence. According 
to previous investigators, the factor is said to have enzymatical 
properties and therefore it was assumed that a prolongation of 
the digestion-time up to 24 hours would increase the difference 
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Table 2. 

The occurrence of a vitamin Bi inactivating factor in the dried 
viscera- of Sivedish fishes. 

The values refer to the extinction values given by the diazotized vitamin B 
content of 2 ml aliquots of trichloracetic acid centrifugates from 3 ml extracts of 
viscera or other specially mentioned tissues, incubated for 2 hours with 700 uz 
of vitamin in the digestion tests = D. T. Control tests = C. T. Calculated value ot 
the control test = 0.38. When not otherwise mentioned the msoera were dried 
with acetone. 






wm 

Trout 

1 

0.37 

j 

0.3G 

— — — _ 

Lake at Arjeploug 

Trout (extracts of heads) . . . 

0.29 

0.30 

* » 

Carp 

Carp (viscera dried with al- 

0 

0.22 

* Aneboda 

cohol -f ether) 

0 

0.17 

« 9 

Thesame extract diluted 1: 10 

0.18 

0.26 


Carp 

0 

0.20 

Pond at Perstorp 

The same extract diluted 1; 10 

0.15 

0.25 

Baltic herring 

1 0.26 

0.28 

Baltic Sea (Oregnind) 

t i 

0.26 

0.29 

9 9 9 

9 9 

• 0.28 

0.27 

9 9 9 

Burbot 

0.28 

0.30 

Lake Malaren 

Sprat ; 

0.27 

0.27 

North Sea (Goteborg) 

Sprat 

0.26 

0.27 

9 9 9 

Sprat (extracts of heads) . . . 

• 0.25 

0.25 

9 9 9 

Sprat (extract of muscle) . . . 

0.31 

0.31 

9 9 9 

Sprat 

. 0.29 

0.29 1 

9 9 9 

Tench 

0.25 

0.25 

Pond at Dannemora 

Tench (extract of heads). . . , 

0.29 

0.29 

» » 


between tbe extinction values of the digestion test and the con- 
trol test. In Table 4 typical figures resulting from such analysis 
are given. 

The figures in Table 4 show that if the digestion-time is pro- 
longed from 2 to 24 hours a marked difference between digestion 
test and control test may develop provided the factor is present. 
This is most clearly demonstrated in the series with the carp 
brei diluted 1: 20. Significant differences obtained at the end 
of 2 hours digestion-time with brei from the crucian, ide, gar-fish, 
tench and vimba increased if the digestion-time was prolonged. 
On the other hand by extending the digestion time two more 
fishes, the roach and “bjorkna” could be added to the series of 
fishes in which the presence of the thiamin inactivating factor 
had been demonstrated. Thus the figure of Table 4 are in accord- 
ance with those given in Table 3 and support the view that the 
factor is of enzymatical nature. 
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Table 3. 

The occurrence of a vitamin Bt inactivating factor in the fresh 
viscera of some Swedish fishes. 

Tlic figures refer to the extinction values given by the diazotized vitamin Bi 
content of 2 ml aliquots of trichloracetic acid centrifugates from different dilutions 
of 3 ml extract of viscera or other specially mentioned tissues, incubated for 2 
hours with 700 /'g vitamin in the digestion tests = D. T. Control test = C. T. 
Calculated value of the control test = 0.38. 


Family and Species 
of fish 

Ext 

Brei 

inction value of 

Brei diluted Ifirei diluted 

1: 1 j 1: 10 

Caught in 

D.T. 

C. T. 

D.T. 

C. T. 

D. T. 

C. T. 

Percidae (Abborrfiskar) 








Perch 

0.28 

0.24 

0.28 

0.25 



Lake Temnaren 

Pike-perch 



0.29 

0.27 

0.30 

0.31 

* Malaren 

! Scombridne (Makrill- 








1 fiskar) 








I Jlackerel 

0.27 

0.33 





Kattegat 

1 Gyclopleridac (Sju- 








ryggfiskar) 








Lump-fish 

0.30 

0.2G 






Triglidae (Knotfiskar) 








1 Gurnard 

0.32 

00 

o 





» 

Blenniidae (Slemfiskar) 








Wolf fish 

0.31 

0.35 






Pleuronectidae (Flund- 








refiskar) 








Plaice 

0.28 

0.30 





Baltic Sea 

Oadiadc (Torskfiskar) 








Burbot 



0.20 

0.19 



Lake Ymsen 

Bm-bot 

0.2G 

0.28 





» atArjeploug 

Cod 

0.20 

0.20 





Kattegat 

Wliiting 

0.30 

0.31 





» 

Scomber esocidae (Mak- 








rillgiiddfiskar) 








Gar-fish 

0.12 

0.24 





!> 

Salmonidae (Laxfiskar) 








Char 



0.23 

0.27 

0.2G 

0.25 

Lake atArjeploug 

Melt 

0.31 

0.31 





» Miilaren 

Salmon-trout 



0.27 

0.23 



» at Arjeploug 

Trout 

0.37 

0.3G 





ft ft 

White-fish 

0.2G 

0.29 

0.31 

0.28 

0.31 

0.29 

ft ft 

Esocxdac (GSddfiskar) 








Pike 

0.24 

0.24 





Baltic Sea 

Cyprinidae (Karp- 








fiskar) 








“Asp" 

0.3 i 

0.34 

0.28 

0.29 



Lake Jlillaren 

j “Bjorkna” 

0.2G 

0.30 





ft ft 

{ Bream 

O.IG 

0.32 

0.22 

0.33 



Baltic Sea 

Bream 

0.15 

0.27 

0.18 

0.2G 



Lake Str&ten 

Carp 



0 

0,2G 

0.18 

0.30 

Pond at Perstorp 

Carp 



0.09 

0.24 

0.25 

0.31 

, 

Carp (extract of mus- 







! 

1 

cle) 

0.2C 

0,30 





ft ft j 
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Family and Species 
of fish 

Ext 

— 

Brei 

inction valu( 

Brei diluted 
1: 1 

3 of 

Brei diluted 
1: 10 

Caught in 





D. T. 

C. T. 

Carp 



0 

0.24 



Lake Aneboda 

Carp (boiled extract) 



0.30 

0.29 



» Drettingen 

Carp ■ 

0 

0.23 





» in Hungary 

Carp 



0 

0.24 



» Aneboda 

Crucian 

0.08 

0.25 

0.12 

0.22 



Pond at Danne- 








mora 

Crucian 

0.08 

0.21 





Lake Pundbosjon 

Ide 

1 0 

0.25 

0 

0.28 

0.12 

0.28 

» Malaren 

Roach 

0.25 

0.20 

0.26 

0.29 




Roach 

0.30 

0.29 






Rudd 

0 

0.24 






Tench 

0.04 

0.25 



0.20 

0.26 

Lake Drettingen 

Tench 

O.IO 

0.24 



0.34 

0.27 

» Hyltasjon 

Tench 

0.04 

0.24 

0.06 

0.27 

0.20 

0.26 

Pond at Danne- 








mora 

“Vimma” 

O.io 

0.26 

0.12 

0.32 



Lake Malaren 

Clupidae (SiUfiskar) 








Baltic herring 



0.26 

0.30 

0.30 

0.30 

Baltic Sea 

Herring 



0.29 

0.28 

0.27 

0.27 

Kattegat 

Sprat 

0.30 

0.28 







, The termolability of the factor reported by previous investiga- 
tors was confirmed. According to the results obtained by Sealock 
and coworkers the optimal temperature of the reaction was 60'* C. 
As demonstrated in Table 5 this temperature can only be used 
during a very short experimental time (< 2 hours). 

In a series of experiments the attempt was made to determine 
whether the vitamin Bi inactivation could be correlated with an 
Oj-consumption. Some of the experiments were carried out in 
Warburg-Barcroft respirators of common type. The same amounts 
of viscera extract and vitamin Bi as previously described i. e. 
3 ml brei of carp \’iscera + 1 ml of buffer solution were used. 
After 30 minutes 700 jug of Bi were “Mpped” into the brei. In 
the control tests 1 ml of water was added simultaneously. After a 
reaction time of 3 hours the Oj-consumption of the control tests 
and the digestion tests was exactly the same. In another series of 
experiments the B^ inactivating reaction was followed with the 
methylenblue technique in Thunberg tubes filled with nitrogen. 
The same amounts of carp brei as above i. e. 3 ml -b 1 ml buffer 
solution were used. In both digestion and control tests 0.2 ml of 
a solution containing 0.8 mg of methylenblue per ml was added 
followed by 1 ml of vitamin Bi solution (= 1 mg vitamin) in the 

14 — i43582. Acta phys. Scandina o. Vol.8. 
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Table 4. 

The time course of the thiamin destruction by the fish factor. 

The figures refer to the extinction values given by the diazotazed vitamin 
content of 2 ml aliquots of trichloracetic acid centrifugates from 3 ml of viscera 
extract, incubated 2 — 24 hours vith 700 ug thiamin in the digestion test = D. T. 
Control test = C. T. Calculated value of control tests 0.-38. 


Digestion time in hours 


Spebies of fish 
and dilution of 
viscera extract 

2 

4 

6 

24 

Caught in 

D. T. 



C.T. 

D.T. 

C.T. 

D.T. 

C.T. 

JIackerel 

(brei) 

0.27 

0.33 





0.34 

0.33 

Kattegat 

Lump-fish 

(brei) 

0.30 

0.26 





0.32 

0.26 

» 

Gurnard 

(brei) 

0.32 

0.28 





0.27 

0.28 

> 

Wolf fish 

(brei) 

0.35 

0.31 





0.31 

0.31 

> 

Plaice 

(brei) 

0.28 

0.30 





0.28 

0.33 

Baltic Sea 

Cod 

(brei) 

0.20 

0.20 





0.19 

0.20 

Kattegat 

Whiting 

(brei) 

0.31 

0.30 





0.29 

0.30 

» 

Gar-fish 

(breil 

0.12 

0.24 





0 

0.24 

» 

Melt 

(brei) 

0.31 

0.31 





0.26 

0.31 

Lake 











Malaren 

White-fish 

(brei) 

0.26 

0.29 





0.28 

0.29 

» Arjeplog 

Pike 

(brei) 

0.24 

0.24 





0.24 

0.26 

» Malaren 

Asp 

(brei) 

0.34 

0.34 





0.30 

0.32 

> > 

Bjdrkna 

(brei) 

0.20 

0.30 





0.03 

0.30 

» > 

Carp 

(1: 20) 

0.32 

0.31 

0.27 

0.31 

0.24 

0.30 

0.14 

0.31 

» Aneboda 

Carp 

(1; 20) 

0.26 

0.30 





0.14 

0.31 

> Drett- 











ingen 

Carp (1: 20) dia- 










lyzed 4 hours) 

0.27 

0.30 





0.28 

0.31 

» » 

Crucian 

(brei) 

0.08 

0.21 





0 

0.21 

» Pundbo- 











sj6n 

Ido 

(1: 1) 

0 

0.28 





0 

0.28 

* Malaren 

Ide 

(1: 10) 

0.12 

0.28 





0.05 

0.28 

» * 

Roach 

(brei) 

0.31 

0.35 





0.18 

0.35 

» t 

Rudd 

(brei) 

0 

0.24 





0 

0.24 

» > 

Vimma 

(brei) 

0.10 

0.26 





0 

0.25 

» » 

Vimma 

(1: 1) 

0.12 

0.28 





0 

0.30 

> > 

Tench' 

(1: 1) 

0.09 

0.29 





0 

0.29 

» Drett- 











ingen 

Tfench 

(1: 1) 

0.06 

0.27 





0 

0.30 

Pond at 











Dannemora 

Sprat 

(brei) 

0.3oJ 

20.8 





0.34 

0.29 

Kattegat 


digestion tests and 1 ml of water in the control tests. This amount 
of methylenblue was chiefly reduced in 2 hours by the control tests. 
In several series of experiments it was found that both the diges- 
tion tests and the control tests reduced the added methylenblue 
with the same velocity. Parallel chemical determination demon- 
strated that in the experimental time chosen (2 hours) the added 
amount of vitamin was completely destructed. Obviously, the 
vitamin inactivation is not an oxidation process. 
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Table 5. 

The effect of ieinperaiure on the ihiamin desiruciion hy the fish 

factor. 

Brd from carp diluted 1: 20, incubated urith 700 //g thiamin at 40' and GO® C 
for 2 respectively 24 hours. The figures refer to the extinction valuc-s given by the 
diazotized thiamin content in 2 ml aliquots of tricldorncetic acid centrifugates of 
brei. D.T. = Digestion tests. Control tests — C.T. Calculated value of the control 
test 0.38. 


f 

1 

Temperature 

Dige-stion time 

2 hours 

24 hours 

D.T. 

C. T. 

D.T. 

C. T. 

40® 

60° 

0.20 

O.20 

0..32 

0.32 

O.IC 

0.26 

0.20 

0.28 


During tlic investigation it was observed that in all the fishes, 
which contained the \dtamin inactivating factor the grinded aus- 
cera were strongly red coloured. This was only rarely the case 
with the fishes in which the factor was absent. A spectroscopical 
examination of a carp \nscera extract which was centrifugated for 
20 minutes at 15 000 r. p. m. revealed only the presence of hemo- 
globin. In some experiments a solution of crystallized rat hemo- 
globin was added to nscera extracts of fishes wliich did not con- 
tain the \dtamin inactivating factor. It was however not possible 
in this way to activate the extracts. 

A comparison of the figures of the control tests in Tables 2 — 4 
reveals the fact that only very rarely (the trout in Table 2) is 
the whole amount of added vitamin regained, Prom the standard 
ciurve it could be calculated that the extinction value of the 
amount of vitamin present in 2 ml of trichloracetic acid extract 
(C.T.) should be 0.38. In the different carp extracts the extinc- 
tion values of the control tests varied between 0.17 and 0,31. 
This fact is not pointed out by Sealock and coworkers. In ac- 
cordance with these authors we also found the experimental error 
in the assay of a single fish extract to be about ± 6 %. The low 
extinction values of the control tests suggests that a reaction 
similar to that observed in the biotin-avddin relationship may also 
play a role in the inactivation of vitamin Bx when incubated with 
fish extracts. It has been demonstrated by Eakin, Skell and 
Wii/LiAMS, 1940 that biotin in the presence of avidin becomes 
physiologically nonutilizable through direct combination with 
the latter rather than through an enzymatic or catalytic reaction 
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of a^^din. An entirely similar situation may exist between thia- 
min and the fish principle. The low extinction values of the con- 
trol tests may on the other side result from an unspecific adsorb- 
tion of the vitamin on proteins subsequently precipitated by 
trichloracetic acid. This question was investigated by adding only 
so much vitamin as could be calculated to combine completely 
with some protein in the fish extract in a manner similar to the 
biotin-avidin reaction. The same amount of fish brei as above i. e. 
3 ml -f- 1 ml buffer were used. Some typical results are given in 
Table 6. 

Table G. 

The adsorhtion of thiamin to trichloracetic acid precipitahle 
substance in the fish extract. 

The figures refer to the extinction values given by the diazotized thiamin 
content of 2 ml aliquots of tricliloracetic acid centrifugates from 3 ml of viscera 
extract. 


Species of fish 

Added thiamin 

700 f>g 

350 /ig 

Calcul. 

Found 

Calcul. 

Found 

Cod 

Pike 

0.38 

0.38 

O.20 

0.24 

0.19 

0.19 

0.08 

0.14 


The figures in Table 6 definitely demonstrates that the low 
extinction values in Table 3 are not caused by some specific fixa- 
tion of the vitamin to a protein but is only a reflexion of an un- 
specific adsorbtion to a protein precipitated by trichloracetic 
acid. 


Discussion. 

In the present investigation 30 species of fishes were analyzed 
as to the occurrence of a thiamin destructing factor in their 
viscera. Of eacb species several specimens caught in different 
lakes were investigated. A comparison of the figures of Tables 
2 — 4 demonstrates that the factor was present in ten specimens 
namely the "bjorkna”, the carp, the crucian, the bream, the gar- 
fish, the ide, the roach, the rudd, the tench and the “vimma”. 
Eight from the beginning of the reported investigation the attempt 
was made to elucidate the reason why the factor was present only 
in certain species of fish. At an -early stage when the presence of 
the factor could only be demonstrated in carps and tenches caught 
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in the same lake it was assumed that these findings might he ex- 
plained in this manner that these fresh water fishes, owing to the 

fact that their haunt of predilection in the lake is there where the 
water is deepest and the bottom oozy, might be influenced by some 
factor of metallic or metalloid, character present in the bottom 
layer of certain lakes. A recently published paper by Deutsch 
and Hasler (1943) -which in Sweden is unfortunately accessible 
only in the shape of a brief abstract, supports this view to a certain 
extent. These authors found that among 31 analyzed species of 
fresh water fishes coming from the Great Lakes the factor was 
present in 15; of 9 salt water species none contained the enzyme. 

Later on the factor was also found in tenches and crucians which 
had spent their whole life in cemented ponds permanently filled 
with Avater from a Avell. The factor was also found in breams 
caught in the Baltic Sea and in the gar-fish, a salt water fish. 
All these facts did not directly support the aucav that an external 
factor might influence the occurrence of the vitamin inactivating 
factor. At present it can only be stated that the factor -was found 
specially in fishes belonging to the carp family. 

The present investigation was not carried out with the intention 
to analyze the nature of the tliiamin inacth’-ating factor or fac- 
tors occurring in fish. Most investigators are of the opinion that 
the factor is an enz 3 ’’ine. In accordance Avith the statements of 
Sealock and coAA'orkers it AA-as found in the present in\’-estigation 
that sometimes a period of considerable length, i. e. of at least 
24 hours (Table 4) Avas necessary until the reaction between the 
Autamin and the inactiA’-ating factor was completed. The tempera- 
ture optimum found by Sealock and coAvorkers, at 60° C, could 
not be A’-erified. (Table 5.) The question if there is any connection 
betAveen the intensity of the red colour of fish Auscera and the 
presence of the Autamin Bi inactiA’-ating factor must be left open 
for the presence. The results obtained in the Warburg and Thun- 
BERG experiments do not support the theory that there would be 
any connection between the factor and some “red” oxidation 
enzyme. 

The reason why the American authors — in spite of the strong 
positiA'e eAudence they succeeded in bringing forth — did not 
define the factor as an enzyme seems to be the recent disclosure 
of the aAudin-biotin relationship. The interaction between these 
factors is a rather rapid reaction, whereas the inactiyation of 
thiamin is a more slowly proceeding reaction. Further, as far as 



214 


HERBERT LTECK AND «UI\NAR AgREN. 


the biotin-a^hdin complex is concerned, complete recovery of 
the biotin may be accomplished by heat treatment which alters 
or destroys the avidin (Snell, Eakin and Williams). tYhen 
similar heat treatment, proteolytic digestion or acid hydrolysis 
was employed after incubation of thiamin with the fish principle, 
Sealock and coworkers did not succeed in demonstrating any 
recovery of the thiamin. Thus, positive evidence supporting the 
^^ew that inactivation of vitamin B and biotin might occur in 
a similar way does not seem to be available to date. On the other 
hand the possibility must be emphasized that both types of reac- 
tions might occur parallel. Comparing the figures of the control 
tests in Tables 2 — -4 it is obvious that only very rarely the amounts 
of thiamin added to the controls were recovered quantitatively. 
Sometimes only 60 per cent of the added amount was recovered. 
These low yields may be a reflection of a presumably existing 
mechanism similar to that of the biotin-avidin fixation or only 
the expression of an unspecific adsorbtion of the vitamin to 
trichloracetic acid precipitable substances. The latter explanation 
s supported by the evidence given in Table 6. 

Summary. 

Among 21 analyzed species of fresh water fishes coming from the 
Baltic Sea or from Swedish lakes, the presence of a thiamin 
inactivating factor was demonstrated in 10. Of these 9 belonged 
to the carp family. Of 9 salt water fishes 1 contained the factor. 
The character of the thiamin inactivating factor is discussed. 
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Polysaccliaride Sulf nric Acids as Anticoagnlants. 

By 

TAGS ASTRUP, IB GALSMAR and MOGrENS VOLKERT. 
Eecived 5 June 1944. 


In continuation of our studies in the chemistry of blood co- 
agulation Tre hare made an investigation on the synthetic poly- 
saccharide sulfuric acids in order to compare their anticoagulant 
action tvith the action of heparin. 

The anticoagulant properties of synthetic polysaccharide sul- 
furic acids were discovered by Bebgsteom (1935, 1936). He pre- 
pared sulfuric acid esters from different polysaccharides by treat- 
ment ■with chlorosulfonic acid and pyridine and found especially 
the derivatives of chondroitin sulfuric acid, chitin, cellulose, 
pectinic acid and starch to yield powerful anticoagulants, with 
the potency ranging from 0.5 to 2 in comparison irith 11 — -IS 
for pure heparin. Sulfuric acid esters had already been prepared 
in this manner from starch by Tamba (1923) and from cellulose 
by Gebatjee-Fulnegg, Stevens and Dingleb (1928) and Teaube, 
Blasee and Lindemann (1932). After the discovery of their 
anticoagulant properties cellulose sulfuric acid and polyvinyl 
sulfuric acid have been studied by Chaegaef, Banceoft and 
SrANLEY-BEO'n'N (1936) and Chaegatt and Olson (1937), while 
the sulfuric acid ester of starch has been investigated by Reuse 
(1939). Since the completion of most of our experiments another 
paper has appeared, Kaeeee, Koenig and TJsteei (1943), de- 
scribing the preparation and properties of sulfuric acid esters of 
certain polysaccharide derivatives. The results of om: studies 
have been published recently (Asteup, 1944). 
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A. Preparation of the Substances. 

The various substances have been prepared according to the methods 
proposed by the above mentioned authors. 

Cellulose sulfuric acid: To 30 ml of icecold pyridine 7.5 ml of chlo- 
rosulfonic acid are added slowly. 2.5 g of a good grade of cellulose 
are added and the mixture heated in a boiling water bath for one 
hour with occasional stirring. After cooling, the mixture is dissolved 
in 150 ml of water and precipitated with 300 ml of 96 per cent alcohol. 
After decantation the precipitate is dissolved in 75 ml of water and 
neutralized Avith 2-n NaOH. Ten ml of saturated NaCl solution are 
added and the solution precipitated cantiously wth 100 ml of alcohol. 
After centrifuging, the precipitate is dissolved in 90 ml of water and 
some insoluble material is removed by centrifuging. The supernatant 
liquid is precipitated with 90 ml of alcohol, and the precipitate treated 
with alcohol and dried. Yield 6.1 g. (Preparation No. C-12.) The ana- 
lyses were carried out after drying to constant weight at 110° in vacuo 
over PoOg. Found: 41.1 per cent ash (as sodium sulfate) corresponding 
to 13. 3S per cent Na; C = 15.30; H= 2.30; S = 18.90. For the tri- 
sodium salt of cellulose trisulfuric acid (CcH,OiiS 3 Na 3 )..c the following 
values are calculated: Per cent C = 15. 3S, H = 1.50, S = 20.53 and 
Na = 14.75. In accordance with the results of Gebauer-Fulnegg 
(1928) and Traube (1932) the contents of S and Na lie just under the 
calculated three atoms per unit of cellulose, in our case 8 = 2.77 
and Na = 2.7 3, but they correspond to each other and show that the 
substance may be considered to consist mainly of the trisulfuric acid 
ester of cellulose. The substance used by Chargaff and co-workers 
(1936) is described as a disulfuric ester. 

Pyridine seems to be of special importance to the reaction. Several 
other tertiary bases (including diethyl aniline and quinoline) were 
tried without any effect. Technical p}Tidine bases, which contain 
no pyridine, gave however a small yield ( 2.7 5 g from 2.5 g of cellulose). 
Different samples^ made from such bases by fractional distillation 
were then tried, namely a fraction with boiling point 127 — 130°, and 
consisting mainly of a-picoline; a fraction: 142 — 145° containing 
(?-picoline, y-picoline and a,Q'-lutidine; and a fraction: 156 — 158° con- 
taining a, /9-lutidine. Only the lowest boiling of these fractions, the 
sample containing a-picoline, gave any reaction between cellulose and 
chlorosulfonic acid, the others were completely inactive in this respect. 
The reaction did not proceed quite so well with a-picobne as with 
pyridine, but the jdeld of cellulose trisulfuric acid was only slightly 
decreased. Since it is difficult for the time being to obtain pjnddine, 
most of our substances were prepared by means of a-picoline. 

It was further found that it was possible to precipitate the cellulose 
trisulfuric acid by means of concentrated salt solutions, thus by addi- 
tion of sodium chloride, potassium nitrate, sodium acetate and sodium 
phosphate (secondary). As a rule our cellulose sulfuric acids were 
therefore prepared as follows: 


* Secured from »Grindstedvrerket», Grindsted, Denm.ark. 
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To 50 ml of a-picoline are added 7.5 ml of chlorosulfomc acid and 
2.5 g of cellulose. The mixture is heated 27- hours on a boiling vrater 
bath OTth. occasional stirring, and then dissolved in 200 ml of water 
After neutralization mth 100 nil of 2-n 27aOH, ICO mi of saturated, 
sodium chloride solution are added. .-Ifter decantation, the precipitate 
is dissolved_in 100 ml of water and again precipitated vdth 100 ml of 
saturated l!7aCl solution. After the precipitate is dissolved in 150 ml 
of water, and centrifuged in order to remove small amounts of insoluble 
material, the centrifugate is precipitated by addition of 75 ml of 96 
per cent alcohol. After centrifuging the precipitate is treated with 
alcohol and ether and dried at room temperature. Yield 5.6 g (C-31), 

Sulfuric acids esters of starch: Only a few samples of these products 
were made, and all according to the jiyridiiie method described for 
cellusose. While it was found that rice starch reacted promptly and 
gave active substances, potato starch reacted more slowly and gave 
less active products. Bergstrom found rice and potato starch to give 
almost identical products. 

Chithi sulfuric acid: In preparing chitin sulfuric acid in a similar 
manner, it was found that the substance contained considerable amounts 
of sodium sulfate as an impurity'. While it was easy in the case of cellu- 
lose sulfuric acid to remove the salt content ])y reprecipitations, this 
was difficult for chitin sulfuric acid, due to its higher solubilit}* in 
water and salt solutions. Thus it is not precipitated by concentrated 
solutions of alkali salt?, as is the case with the cellulose derivative. 
The salt content is most conveniently removed by dialysis, but it 
may also be dealt \sith by treatment with calcium chloride. While 
cellulose always yielded veiw' active products the activity of the sub- 
stances obtained from chitin varied considerabl}* with the conditions 
of the experiments. Increasing the reaction time decreased the activity 
and the }ield of the products. A shortening of the reaction time and 
a lowering of the temperature increased the potency of the substances 
made. The preparation was especially difficult wiicn using a-picolme, 
and technical pyridine bases yielded only traces of active substance. 
The most potent products were obtained in the following manner; 

To 7.5 ml of chlorosulfonic acid in 50 ml of pyridine (or «-picoline) 
are added 5 g of chitin and the mi.xturc is heated in a boiling water 
bath for one hour. After cooling it is dissolved in 200 ml of water 
and 75 — 100 ml of 2-n IsaOH are added. After preci])itating \vith 
500 — 600 mi of alcohol, the precipitate is dissolved in 200 ml of water 
and dialysed against running water for two days, .-yter concentration 
in vacuo to 100 ml, 5 — 10 ml of saturated XaCl solution are added 
and the substance precipitated with 150 ml of alcohol. It is treated 
with alcohol and ether. Yield 4.9 g {K-57). For the analyses it is dis- 
solved in water, dialvsed against distilled water, and repreciiiitated 
twice. Found (in per cent): C=23.<; H=3.5"; X=3.i‘; S = 
culated for the sodium salt of chitin disulfuric acid (CgHuOu YSjlSa-.)x. 
C = 23.60; H = 2.72; X = 3.4C; S = 15.75. For both cellulore sul- 
furic acid and chitin sulfuric acid it was found that the activity de- 
creases in the presence of strong acids, yielding inactive substances 
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of lovT molecular vreiglit, vrliicli pass freely tlirougli a cellophane mem- 
brane. The products must therefore show neutral reaction if stable 
preparations are to be obtained. At neutral reaction the solutions 
may be heated to 100° without decomposition. 'While during the 

reaction between chlorosulfurio acid 
and cellulose practically no cellulose is 
left imchanged, a considerable amount 
% ^ of the chitin used is left in an insoluble 

^ ^ I form. Repeating the treatment on the 

I # ^ chitin thus isolated from preceding 

I I reactions gives only a very poor yield 

I I I of active substance and most of the 

. ■ I chitin has not reacted. The product is 

* probably changed, and is not identical 

with the original chitin. It may be 
mentioned that the substance regained 
from a reaction, unlike the original 
chitin used, swells in the presence of 
water. 

Electrophoresis: The substances pre- 
pared were all investigated by electro- 
phoresis in order to obtain information 
about the homogeneity and the rela- 
tion between contents of components 
and activity of the products. The 
electrophoresis apparatus of Tiselitjs (1937) and our mirror method 
(Asteup and Helm, 1943) were used. Of the substances 0. i — 0,3 per 
cent solutions in phosphate buffer of pn 6.7 and ionic strength O.l 
were as a rule used. All the curves showed two components, a fast 
moving one due to the active substance, and a very slow moving 
boundary, which was due to impurities of low molecular weight, as it 
decreased when the substance was dialysed. Some products, which 
were precipitated from solutions acid to Congo paper, showed at the 
beginning a large amount of the active, fast moving substance, but later 
it disappeared and only the slow moving substance was left behind. 
Fig. 1. shows examples of the results obtained. 


B 


Fig. 1. 

A. Cellulose trisulfuric acid (C-12, 
T-238). 

B. Chitin disulfurio acid (K-10) 
under the same conditions. An 
anomalous boundary is seen. 
(T-239). 

C. Chitin disulfurio acid prepared 
by dialysis (K*65, T-224). 


B. Properties in vitro. 

Activity of the Substances: For the approximate determination 
of the strength of the substances prepared we used the following 
method, which is not very accurate, but is simple and gives a 
satisfactory orientation regarding the potency: 

5.0 ml of oxalated ox plasma are placed in small tubes and 
0.5 ml of the substance dissolved in physiological sodium chloride 
solution is added. Then the optimal amount of a 1.6 per cent 
solution of CaClj, sicc. is added; after turning the tubes, they 
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are left standing at room temperature. At intervals they are 
cautiously turned and the clotting observed. The plasma must 
be as fresh as possible and cannot be kept longer than 3—4: 
days (at 0 °) before it must be discarded. It is necessary to filter 
the plasma immediately before use. When the clotting is examined, 
the tubes must not be turned more than once. ShaMng the tubes 
makes the determination uncertain. To control the results a 
sample of knovrn potency must always be measured at the same 
time for comparison. As comparison sample we have used a 
cellulose sulfuric acid ester no. C-i. C-4 is a ’Ittle less active 
than the most potent of oim cellulose preparaiions. In Table I 
an example of such a preliminary measurement of the potency 
is shown. As stock solutions 0.1 per cent solutions are used. 
Eor less potent substances corresponding!)'' larger concentrations 
must be used. 


Table I. 


PhTsiol. NaCl 

mg 

per cent 

Hours 

‘A 

V* 

1 

2 

3 

24 


{+)(+) 

++ 

■ 

■ 


■ 

Cellulose trisulfuric ncid 
(0-4) 

25 

SO 

75 

100 

— 

(+) (+) 



(+){+) 

+ + 



— 



Chitin disulfuric acid 
(K-10) 

(not dialyzed) 

25 

50 

75 

100 


(+)(+) 

4--f- 

+ + 

+ + 
4-f 




Chitin disulfuric ncid 
(K-o6) 

(dialyzed) 

26 

60 

75 

100 

— 

(+) (+) 

+ + 

+ + 


— 






It is seen from Table I that the relation between the potencies 
of K'lO and El-65 is in agreement with the difference between 
the curves by electrophoresis (Fig. 1). K-66 is about 2-^-3 times 
as potent as K-10 and almost as potent as the cellulose sulfuric 
acid C-4. In this way it is found that the lowest concentrations 
of the solutions used, with which it is possible to keep the re- 
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calcified plasma wtliout clots in 24 hours are as follows (in mg 
per cent of solutions of sodium salts of the sulfuric acid esters): 
Cellulose: 50: starch: 125; chitin (K-10); 125; chitin (K-55): 75; 
heparin (about 50 per cent pure): 100. The total concentration 
of esters in the plasma is only about ^to of these concentrations. 
Experiments at the slaughter house with whole blood yield the 
same results (e. g. 500 ml of blood are kept for several days 
in a perfectly fluid state by’' the addition of 30 mg of cellulose 
sulfuric acid) . The potency of the heparin used is about one half 
of that of the- purest heparin preparations. The most active 
sulfuric acid esters prepared from cellulose and chitin thus 
show a strength comparable with that of the purest heparin. 
In this respect our invos'oigations are not in accordance with 
the experiments published by Bergstrom (1. c.), as his cellulose 
and chitin derivatives show about one tenth of the strength of 
pure heparin. It is unlikely that this difference is due to any 
considerable difference between the constitution of the substances 
prepared. Rather, the difference may be due to the different 
measuring methods used, and this possibility is supported by the 
subsequent investigations. In the experiments of Karrer and 
co-workers (1. c.) the cellulose sulfuric acid is 4 times less active 
than heparin, while chitin sulfuric acid is only moderately active. 

Action of the Substances in vitr o: AVhile all previous authors 
have been interested in the relative strengths of the anticoagulants 
only, especially in comparison with the activity of heparin, 
our purpose was to investigate the mode of action of the sub- 
stances, in order to disclose any differences between the syn- 
thetic anticoagulants and heparin. 

The equation (1) 

1 

- = Z: • c'' or (putting k = log h) ,, . 

log i = — a log c — b. 

was used by Eischer (1935) to describe the clotting of chicken 
plasma by means of thrombokinase. Later it was applied to the 
clotting of oxalated ox plasma with thrombokinase from lung 
(Astrup and Darling, 1942) and from brain (Astrup, 1944) 
cf. also Legler (1943). Fischer showed that a increased as the 
heparin content of the plasma was increased, and that for larger 
concentrations of heparin it was not possible to obtain a straight 
line corresponding to the logarithmic equation. It was decided to 
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study this relation and use it for comparing heparin vrith the 
synthetic anticoagulants. 

To 45 ml of oxalated ox plasma were added 6 ml of the anti- 
coagulant dissolved in physol. NaCl solution, or in the case of 
the controls physiol. NaCl alone, and the plasma mixture was 
used for the determinations as described in the previous papers 
(1. c.). Some experiments were made with lung thrombokinase, 
but as a rule brain thrombokinase was used, as it is more stable 
and may be stored considerably longer without deterioration. 
The results did not differ in principle, even if it was easier to obtain 
straight curves with thrombokinase from lung than from brain. 
Heparin of the strength K = 4 — 5 was used, cf. Astbup and 
Behrnts Jensen (1938). 

Fig. 2. shows that the deviation from straight curves, found 
by Fischer by addition of heparin to chicken plasma, also exists 
in the case of ox plasma. The deviation from straight, parallel 
lines with a corresponding alteration of the exponent a or an 
inadequacy of equation (1) indicates changes in the participating 
reactions, see Astrup (1938). It will be seen that heparin is much 
more effective in preventing the clotting when the amount of 
thrombokinase is small than when it is large. Presumably this 
may be due to reversible processes, e. g. a dissociation process 
in which the action of small amounts of thrombokinase is almost 
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Kg. 3. Clotting of recalcified ox plasma containing cellulose 
trisulfuric acid. 

completely suppressed in the presence of a large surplus of 
heparin, ^vhile larger amounts of thrombolanase are only partly 
neutralized, thus giving comparatively shorter clotting times. 

Similar experiments were carried out with cellulose trisulfuric 
acid and Fig. 3. shows examples of the ctirves obtained. The 
curves are straight parallel lines with the same slope as the ori- 
ginal thrombokinase curve. They have the appearance as if 
various dilutions of thrombolanase had been used as stock solu- 
tions (as. in the comparison of the strength of kinase solutions). 
A comparison with the heparin curves in Fig. 2, shows, that 
the inhibitory action of the cellulose trisulfuric acid is not coun- 
teracted by increasing concentrations of thrombokinase to any 
extent comparable to the effect on the plasma containing heparin. 
Therefore in the presence of larger amounts of thrombokinase, 
cellulose trisulfuric acid is a much more powerful anticoagulant 
than heparin, while at lower concentrations the difference vanishes 
and at small concentrations heparin is the most potent substance. 
The findings possibly explain the difference between the activities 
found by Bergstrom and the activities found by us. It wU also 
be seen from the following curves; that the relative potencies 
of the anticoagulants in question are completely dependent on the 
amount of thrombokinase present at the comparison. This is for 
instance seen in Fig. 4., where heparin is compared with a sul- 
furic acid from starch and chitin. 

Experiments show the sulfuric acid prepared from starch to 
be similar in action to the cellulose derivative. This is also the case 
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Pig. 4. Clotting of recaleified ox plasma containing: A.- Physiol. IfaCl, B: heparin 
(7.5 ing per cent, k-3.S), C: chitin disulfuric acid (16 mg per cent, imialyzed), 
I?: starch sulfuric acid (20 mg per cent). 


is'itli chitin sulfuric acid at the higher concentrations of thrombo- 
kinase, but at lower concentrations deviations are found. The 
curves tend to deflect at higher clotting times, thus shovdng a 
resemblance to the curves obtained with heparin. Hence, the 
chitin derivative in our experiments seenas in the mode of action 
to lie between heparin and the cellulose and starch polysulfuric 
acids. 

Further experiments show, as is to be expected, that the syn- 
thetic polysaccharide sulfuric acids act as antithrombin forming 
substances in the same manner as heparin, Their action as anti- 
coagulants is therefore similar, qualitatively, to the action of 
heparin. Thus they prevent the clotting of oxalated plasma by 
means of thrombin. 

The straight lines obtained, e. g. with cellulose sulfuric acid 
(Fig. 3.), may be explained by assuming that the constant amount 
of cellulose derivative present inactivates the same fraction of the 
thromboldnase added, independently of the total amount of 
kinase. In this manner the new curve will have the appearance 
as if a new stock solution with a lower concentration of thrombo- 
kinase were used. It is however highly improbable, that the 
inactivating effect of the anticoagulant is independent of the total 
amount of kinase. 

The curves therefore indicate that the reactions (formation of 
thrombin, action of thrombin) and the inhibition of the reactions 
do not contribute equally to the proceedings at high and low 
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concentrations of thrombokinase. Only a chance coincidence be- 
tween the processes during the reaction may furnish curves like 
those obtained. Calculations, based on the assumption that the 
anticoagulant added neutralizes a corresponding amount of the 
Idnase, yields curves, Avhich do not agree either with the curves 
obtained for heparin or those obtained for cellulose trisulfuric acid. 


C. Action in vivo. 

According to Bergstrom the cellulose trisulfuric acid is toxic 
when injected intravenously, and this we have confirmed both 
in the case of the cellulose and the starch derivative. 

Due to the properties of the synthetic anticoagulants, they 
may in contrast to heparin be useful for technical purposes in 
obtaining blood and plasma which do not clot. At the slaughter 
house it is impossible to avoid contamination wdth relatively 
large amounts of thrombokinase, dnd it is well known that under 
such circumstances heparin, even when used in surplus, tends to 
yield partial clots in the samples, especially at the surfaces. The 
greater efficiency of the synthetic anticoagulants in the presence 
of larger amounts of thrombokinase makes them therefore more 
suitable for such purposes. As blood and plasma prepared in this 
manner may serve as a raw material for making foodstuffs, it 
was found of interest to investigate the toxicity of the substances 
when given by mouth. It was found by Fischer and Astrup 
(1939), that heparin when given orally to mice is not absorbed 
from the intestinal tract but is excreted with the feces, and the 
synthetic anticoagulants were therefore expected to behave 
similarly and to be nontoxic to the organism. Our experiments 
showed this to be true. Thus mice were given, by mouth, daily 
in 10 days 60 mg of the cellulose trisulfuric ester, ^vithout showing 
any«sign, macroscopically or microscopically, of toxicity. 

The chitin disulfuric acid was also tried and was found in our 
experiments to be nontoxic also when given intravenously. ^\Tiilc 
rabbits, when given 100 mg of cellulose trisulfuric acid dissolved 
in 2 ml of physiol KaCl solution died in the course of about two 
hours, we gave 200 mg of a chitin disulfuric acid to rabbits daily 
in five days intravenously without toxic phenomena. The chitin 
derivative was thus found to be far less toxic than the cellulose 
and starch derivative, and more like heparin in this respect. It 
may be mentioned that the polysaccharide skeleton of heparin 
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is more like tliat of cliitin than it is like that of cellulose or starch; 
heparin, as far as is known consisting of acetyl glucosamine and 
hexuronic acid residues, chitin of acetyl glucosamine residues and 
cellulose and starch of glucose residues. 

Owing to the considerable interest in an inexpensive substitute 
for heparin, we have turned our attention to this problem. The 
whole question of the pharmacology of synthetic polysaccharide 
sulfuric acids has been investigated by Pipek, and some of his 
results will be published shortly. Using a new method for the 
determination of the toxicity, based on the discovery that the 
blood platelets are agglutinated in the presence of the substances 
considered, Piper finds that chitin disulfuric acid is not quite 
so harmless to the li-ving organism as heparin. The substance also 
agglutinates the platelets, although as a rule not to the same 
extent as cellulose and starch polysulfuric acids. This occasionally 
results in toxic phenomena in the animals (infarcts), but only 
single cases of death are encountered, and that only when using 
very large amounts of the substance. However, cliitin disulfuric 
acid, too, must be considered too toxic for use in medicine, but 
may serve as a useful substitute for heparin in e.xperiments on 
animals. It is used in about the same doses as heparin (“Leo” or 
“Vitrum”) and such amounts may be considered completely 
harmless to tlie animal. The substances prepared by ICarrer 
(1. c.) are found in recent experiments also to agglutinate the 
blood platelets, thus being more or less toxic. 

This work was aided by a grant from “Danmarks tekniske 
HDjskoles Fond for toknisk Ivcini”. The analyses were made by 
Dr. j\lAX j\IOLLER, “Jlilcrocentrallaboratoriet”, Copenhagen. 


Summary. 

1 . The preparation of synthetic jiolysaccharide sulfuric acids 
is studied, and their properties as anticoagulants investigated. 

2. A convenient method for the approximate determination 
of the strength of the anticoagulants is described. 

3. It is found that the action of the synthetic derivatives differs 
from that of heparin in that it is less influenced by large amounts 
of thrombokinase. 

4. "Wliile they are quite harmless when given orally, they are 
more or less toxic when injected intravenously. Cellulose and starch 

15 — ’/i3S82. Acta 'pliys. Scandinav. Vol.8. 



226 TAQE ASTRUP, IB GALSMAR AXD MOGENS VOLKERT. 


sulfuric acids are the most toxic of the substances investigated, 
vhile chitin disulfuric acid is only slightly toxic. The last mention- 
ed substance may be used as a suitable, inexpensive substitute for 
heparin in experimental ■work. 
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On a visit to Upsala in 1942 my attention was drawn by Dr 
K. 0. Pedersen of the Physico-Chemical Institute there to a 
strongly blue-coloured globulin, now and then found in swine 
serum. 

When fractionating euglobulin according to Green (1938) I 
observed that the Pi-fraction was occasionally markedly blue- 
coloured. After the attention has once been drawn to this fact, 
it is not hard to see that this fraction always has a more or less 
marked blue tinge. 

It has not been possible to work out which factors determine 
how strong the coloruing of the Pj-fraction shall be in any one 
case. .We have observed the strongest blue coloration in some 
cases of polycytaemia rubra vera. Other cases of this disease, 
however, have only shown a very faint blue coloration of the Pj- 
fraction. 

With a strongly coloured Pj-fraction, it is easy to show that the 
colour disappears with the addition of a reducing agent and re- 
turns, if the solution is bubbled through with oxygen. No distinct 
absorption band can be demonstrated in the visible spectrum, 
even with the most strongly coloured solutions. 


The Copper Content of the Pi-fraction. 

As the colour recalls the blue tint in the oxidation enzyme 
laccase, isolated by Keilin and Mann (1938) it was of a certain 
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interest to investigate whether, like the laccase, this globulin 
fraction also contains copper. This was found to be the case. About 
8 — 9 % of the copper content of serum was found in the Pj-frac- 
tion. As this fraction only represents a very small part of the entire 
serum protein, we have here an accumulation of copper. That 
is to say, this protein fraction contains proportionally about five 
times so much copper as the serum protein as a whole. The com- 
bined Pj! — Pjii-fraction, obtained with Green’s method, con- 
tains, on the other hand, if anything less copper than the total 
protein. 

In the physiological increase of the copper content of serum 
during pregnancy, the amount of copper in Pj and the total serum 
copper increases proportionally. 

The liighest copper content as yet found in a Pj-fraction is 
0,23 o/oj. The blood sample was from a pregnant woman, and the 
serum copper had been determined at 268 y per 100 cc. 


The Enzymatic Properties of the Pi* fraction. 

As the blue colour could be reversibly oxidized and reduced, it 
was natural to suspect the presence of an oxidation catalyzer in 
the Pj-fraction, This has therefore been tested in Warburg experi- 
ments in the presence of the following substances: paraphenylen- 
diamine, paracresol, catechol, adrenalin, ascorbic acid, pyrogallol 
and thyrosine. Only the first of these substances was oxidized in 
the presence of the Pj-fraction. 

The rapidity of the oxidation showed good parallelism with the 
copper content. A quantitative assessment was however difficult, 
as Pj-fractions poor in copper showed a more or less marked period 
of latency, while fractions rich in copper showed a constant oxygen- 
consumption. In the Pj-fraction, which was richest in copper, 
Qo, was about 10 at 37° C and in air. 

The oxidation of paraphenylendiamine was completely inhibited 
by 1/1,000 molar KCN. 

The addition of a surplus of cjdochrome C did not accelerate the • 
oxidation of paraphenylendiamine. 

If Cu in the form of copper sulphate was added to a Pj-fraction 
poor in copper, the latter’s activity was increased to about that 
found in fractions rich in copper. 

All the Warburg experiments were performed at pH 7.5 in a 
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pilospliate buffer. In tlie experiments witli added copper-tie con- 
trols received tie same amount of copper as in tie enzyme ex- 
periments. 


Summary. 

Tie assumption of Eisler, Rosbahl and Theoeell (1936) 
tiat all serum copper is bound to tie albumin does not prove 
quite true. A small amount of tie total serum copper is to be 
found in the euglobulin fraction, viici Green has called Pj. 

Keilin and Mann’s suggestion that tie iaemocuprein is enzy- 
matically inactive does not refer to all tie protein-bound copper 
in tie blood. In Green’s Pj-globulin there is a fraction which 
catalyzes tie oxidation of parapienylendiamine. The proteine 
component necessary for tie formation of this enzyme seems nor- 
mally to be present in surplus, so tiat tie addition of copper is 
able to increase tie acti^^t 3 ^ 

Tie blue colour of tie active globulin fraction has no importance 
for its catalytic function. It may possibly be due to some oxidation 
product vith great affinity for the enzyme. 
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In connection with, earlier investigations dealing ivith. tlie phys- 
ical and chemical processes which occur in the skeletal muscles 
during contraction and restitution we have carried out tem- 
perature measurements in human muscles, partly while the 
muscles were at rest and partly during and after work or static 
muscular activity. Simultaneously, or at least at short intervals, 
the rectal temperature has been measured during the experi- 
ments in order to obtain a basis for evaluation of the muscle 
temperatures. For the purpose of deciding, if possible, whether 
any rise in temperature that might occur in the muscles is due 
to an increase of the circulation, or is caused by processes with 
positive heat effects in the muscles themselves, we have more- 
over conducted experiments during which the circulation of the 
extremities concerned was arrested. 


Method. 

The temperature measurements were carried out electrically by 
means of needle-shaped thermocouples in the muscles. The thermo- 
needles used were 18 mm long and 0.5 mm thick; they were equipped 
with a celluloid collar which ensured that the needle always was in- 
serted to the same depth. The thermocouple consisted of a hollow 
needle of stainless steel (V2a) with its tip cut off at a slant. A double- 
covered constantan wire, O.i mm thick, was inserted into the hollow 
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of the needle and soldered to the tip (fig. 1). The “cold” junction was 
placed in a Dewar flask (1) at a temperature of about 30°. The re- 
cording instrument was a Hartmann and Braun light spot galvano- 
meter, which for the sensitmty employed had an inner resistance 
of 0.0I7 ohm, while each division on the scale corresponded to 
22. GO X 10~® amperes. 


Fig. 1. See the text. 

The assembly (fig. 2 a) was calibrated by placing the thermo-needle 
in another Dewar flask (2) together with a mercury thermometer, care 
being taken to have the thermocouple and the Hg-thermometer at the 
same level and close to each other in the Dewar flask. The temperatures 
in the Dewar flasks were read ■with an accuracy of O. 0 o°. The tempera- 
ture in Dewar flask (1) was set at different levels and for each a num- 
ber of galvanometer readings were obtained, corresponding to different 
temperatures in Dewar flask (2). These experiments, which were car- 
ried out with each one of the thermo-needles used, showed a com- 
pletely rectilinear dependence as regards the temperature difference 
and the galvanometer readings. The location of the line was almost 
the same for the different thermo-needles. On the average, 6.5 divi- 
sions on the galvanometer corresponded to 1°. Since there was no dif- 
ficulty in judging one-tenth of the intervals it was possible to read off 
the temperature "with an accuracy of approximately 0.oi5°. This set-up 
was well suited for the study of all the temperature fluctuations that 



Fig. 2. Assembly for measurement (a). Control arrangement (b). For explanation, 

see text. 


occurred. Since it was anticipated, however, that heat might be lost 
from the upper part of the thermo-needle, in spite of the celluloid 
sheath, giving rise to a systematic error on the absolute tempera- 
ture determinations, the follo'wing precautions were taken: On to the 
upper part of the steel tubule there was soldered a constantan wire 
of the same thickness as the one soldered to the tip. It was con- 
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nected to tlie "wire leading to tlie Dewar flask (1) through a switeh 
(entirely of constantan) in such a way that it was possible, easily and 
rapidly, to shift between the -wires from the two junctures (fig. 2 b). The 
upper part of the thermocouple was then surrounded by a tube which 
was filled with water from a mixing reservoir; the temperature of the 
water was varied until the galvanometer no more showed any deflec- 
tion when reversing the constantan switch, i. e., until the two junctions 
had the same temperature. The results of these experiments showed 
that at the room temperature, maintained at about 22°, there was a 
systematic error of the muscle temperature of very close to — 0.5°. A 
correction for this error has not been applied to the material, since it 
was the temperature fluctuations we were interested in. "When in the 
following absolute values for the muscle temperature are given, they 
should, therefore, when nothing else is said, be increased by 0.5°. 
Bazett and McGloxe (1927) report that in temperature measure- 
ments on the upper extremity they occasionally find lower tempera- 
ture in the depth than at the surface of the skin, and they consider 
this to prove that the needle-electrode is encumbered -VNuth a systematic 
error, an error for which they try to allow by means of a special lo- 
garithmic formula. There are several reasons for ^'iewing this whole 
idea with some scepticism. One reason is that it is hardly justified to 
accept the authors measurements of the skin temi^erature as reliable 
— another, that measurements of this kind, as shown for example by 
our experiments, involve so many different sources of uncertainty that 
a correction by means of a complicated formula is not very reassuring. 
If a correction is required there is no doubt that a purely empirical 
one is preferable. 

Wlien 2 thermo-needles were placed in the same muscle, or needles 
were placed simultaneously in symmetrical muscles, the udres were run 
via a switch to the galvanometer in such a way that merely by turning 
the switch it was possible to connect the desired thermo-needle to the 
circuit. Since the galvanometer needed only a few seconds to adjust 
itself it was possible to make the two measurements in such rapid 
succession that they might be considered simultaneous. 

The rectal temperature was measured by means of a thermocouple 
of the type previously described by Hornvij Chiusteksen (1931). The 
junction was covered with scaling wax, and from there the wires were 
protected by a thin rubber tubing. The junction was moved 10 — 15 cm 
up into the rectum where it remained for the whole experimental 
period. This thermocouple was calibrated in the same way as the ther- 
mo-needles. In a few instances the rectal temperature was measured 
only once at the beginning or at the completion of the experiment by 
means of an ordinary Hg-thermometer. 

During the cxj)eriments the subject was placed in a sitting position 
on a low chair; his arms and the upper part of his body were exposed, 
but, as a rule, he had a blanket over his shoulders. During the work 
experiments the uj)per arm rested, with rectangular flexion in the 
shoulder, on a horizontal, slightly upholstered support. To ensure 
the uniformity of the position and facilitate the orientation, both 
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the upper arm and the forearm were surrounded by 2 upholstered 
metal splints, hinged together, and in connection with a graduated arc 
The arm remained in the same position during the whole restitutionai 
period, or, at any rate, as long as the experiment lasted. Since the 
time that lapsed before the muscle temperature became relatively con- 
stant was rather long — most frequently about 12 minutes — an at- 
tempt was made to shorten it. To this end the upper atm was, in some 
experiments, partly surrounded by an electrically heated 'pad, or 
loosely wrapped in flannel. However, inasmuch as such measures did 
not demonstrably influence the results they were again abandoned. 
Dynamic work consisted in raising a weight in a cord running over a 
pulley to a ring in a leather cuff or belt, 3 cm wide, fitted to the wrist 
of the subject immediately above the hand. The flexion angle in the 
elbow in the initial position, and the flexion interval through which 
the raising of the weight took place, were recorded so that the experi- 
ments at all times could be reproduced. In experiments with static 
muscular activity (in the following called static work) the position of 
the subject was the same. The flexion angle in the elbow was con- 
trolled. The dynamic work was done in time with a metronome which, 
as a rule, was adjusted to 34 oscillations per minute. The work time 
varied with the nature of the work and the load, as well as 'svith the 
strength and condition of the subjects. In the experiments where the 
circulation was arrested, the arresting was done by means of a tourni- 
quet placed as high up on the arm as possible. "With one exception, the 
working muscle group was the flexor muscles of the elbow. In most ex- 
periments 2 thermo-ncedlcs were .stuck into m. bicep.®, one a little above 
the most prominent part of the muscle aud the other distally at a 
distance of about the width of 3 fingers. In the rest experiments and 
towards the end of the restitutionai period the galvanometer readings 
for the 2 needles were made immediately one after the other, so that 
the two readings could he said to represent the same po nt of time. In 
all work experiments the galvanometer readings were made altcrnat- 
ingly at intervals of 15 .seconds, and the same applies to the beginning 
of the restitutionai period. After a few minutes the intervals were 
gradually increased to 2 — 3 minutes. 

It frequently happened that the two needles in the same muscle did 
not give corresponding results as far as the absolute temperature was 
concerned; tbe curve representing the variation was, however, the same. 
In nearly all instances the distal needle showed a lower temperature 
than the proximal one. There may be several reasons for this phenorn- 
enon. One is that the temperature in the extremity as a whole is 
falling distally — another that the temperature is falling from the 
depth to the surface {cf. Grant and Bruce Pearson (1937). We too 
have found that the results varied with the depth to which the needle 
was introduced; moreover, that the sliding-out of the needle manifested 
itself as a fall in temperature, just as it gave too low results if a needle 
was stuck in at an angle instead of perpendicular to the surface. The 
whole problem seems, however, to be even more involved than 
Thus wc have found noticeable temperature differences with needles 
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that were placed only 1 — 2 cm apart. However, this lack of agree- 
ment between measuring results firom the same muscle at the same time 
is hardly due to technic4il errors alone; it is probable that it is maiuly 
connected 'svith the structure and the innervation conditions of the 
muscle. Since the number of motor ganglionic cells is far smaller than 
the number of muscle fibres, each ganglionic cell will innervate a certain, 
usually quite large number of muscle fibres Avhich thus come to form 
a mechanical unit (“motor unit”, Sheerington). A motor unit is no 
histological unit, however, since the individual fibres within this unit 
may be placed at some distance apart within the muscle bundle. Since, 
moreover, the contraction of the muscle in our experiments is not 
maximal, all motor units are not simultaneously engaged — and since, 



Fig. 3. P. H. Load 2.5 kg. Upper curve from the proximal, lower from the distal 

thermo-needle. 

finally, the slender thermo-needles have a relatively limited "radius 
of action”, it Avill be understood that it is quite possible that irre- 
gularities like those mentioned may occur. ^^Tiat is said here is espe- 
cially true Avhen the load on the muscle is small, A very glaring example 
is recorded in fig. 3. Subject P. H., load 2.5 kg. The upper curv^e 
originates from the proximal, the lower one from the distal needle 
There can be no doubt that the distal needle in this case has not been 
in the immediate proximity of active muscle elements (compare fig. 9). 
Lastly, it is possible that a needle may pierce a large blood vessel or 
be placed close to such a vessel. As a rule, however, these different 
irregularities are not too large to be smoothed out by average curve.'* 
from a few experiments. 


Muscles at Rest. 

The temperature in the resting extremity muscles is consider- 
ably lower than the rectal temperature, as already demonstrated by 
several investigators. Thus Grakt and Bruce Pearson (1937 — 38) 
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find, in the dorsal muscle group of the forearm, at a depth of 2 cm, 
a temperature of 34.1°, which in 75 minutes falls to 29.4°. Bazett 
and McGlone (1927) find that the muscle temperature of the 
forearm “close to the bone” is 1 — ^2° lower than the rectal tem- 
perature. Our experiments give similar results. Barcroet and 
Millen (1939) report the temperature in the gastrocnemius to 
be 37°, which must be considered a very peculiar result. In order 
to cool the muscles these authors place the extremity in a water 
bath at 32.5°, which in the course of 2—3 hours results in a 
temperature in the gastrocnemius of 34.5°. From what is said 
above it must be assumed, however, that the water bath has 
prcvenled a temperature drop in the extremity, the temperature 
of which, after 2 — 3 hours at complete rest in air, undoubtedly 
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Fig. 4. P. H. Rest. Circulation arrested. Zero-line = 34.7°. 

would have been considerably lower. The temperature level 
varied with the indi\ddual, just as it may vary from day to day 
for the same subject. The exposure of the arms and the upper 
part of the body resulted, as a rule, in a sharp drop of the tem- 
perature in the muscle; in 10 — 12 minutes this changed to a slow 
fall which was continued during the whole time of the experi- 
ment. Arresting the circulation to the arm, after the slow tem- 
perature fall had begun, again led to a temperature drop in the 
biceps of 0.3° in the first Va niinute, whereupon the fall slowed 
down. In one case (fig. 4) the temperature fell 0.7° in the course 
of 10 minutes: then, when the circulation was restored, it rose 
in 1 minute to about 0.2° above the initial vah e, thereupon falling 
again. After 10 minutes the temperature was 0.4° below the 
initial value. 

As already mentioned, the majority of our experiments dea 
with the biceps brachii. It was found, however, that the tem- 
perature in different muscles differed considerably (though t e 
differences were only small in symmetrical muscles). For the 
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purpose of giving a picture of the magnitude of these differences, 
temperature measurements vere made in a number of muscles, 
partly on the truncus, partly on the extremities, of 2 different 
subjects. The results were, apart from an indmdually different 
amplitude of variation, very uniform. Fig. 5 records the mean 
values from 2 experimental series with F. B. Inasmuch as thermo- 
needles were placed simultaneously in symmetrical muscles, and 
since 2 readings were taken for each muscle, it follows that each 
point of the curve is the mean value of 4 measurements. As 

fig. 5 shows, the Mghest temper- 
atures in the muscles investigated 
by us were found in tlie two 
shoulder muscles, infraspinatus and 
deltoideus (II) where the temper- 
ature was very close to the rectal 
temperature; the temperature in 
the pectoralis major was only 1° 
while in the sacro-spinalis lumba- 
lis it was 1.5° below the rectal 
temperature. The temperature in 
the muscles of the extremities 
is, however, much lower than 
in the body muscles, and falls 
distally, v.dth a considerable gra- 
dient. In the case of the upper 
extremities we find a decreasing 
temperature in the following 
sequence: biceps, triceps, brachio-radialis (on the forearm); in the 
latter, the temperature is 2.5° lower than the rectal temperature. 
Then follows a considerable fall, the temperature in the thenar 
being not less than 4.5° lower than the rectal temperature. A 
corresponding temperature fall is found in the lower extremities, 
where the temperature has been measured in the rectus femoris, 
the tibialis anticus and the gastrocnemius lateralis. In the last 
mentioned muscle the temperature is about 3° lower than in the 
shoulder muscles. The temperature in the muscles of the feet 
has not been measured. During the measurements, the muscles 
have in all instances been relaxed, and none of them have im- 
mediately before been in action to any degree worth mentioning. 

It is impossible to say for certain what is the cause of these 
temperature differences The factors which must be considered 



Fig. 5. F. B. Temperature in dif- 
ferent muscles under the same ex- 
perimental conditions. Each point 
the mean of 4 measurements. 
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in this connection are the heat production in the resting muscles 
the heat supplied by the blood, and the heat loss. 

It can be established immediately that the low temperatures, 
of course, are not something which is characteristic for the mus- 
culature as such; the temperature of the extremity as a whole 
lies lower than the rectal temperature, and it decreases strongly 
in the distal direction. The heat production that occurs in the 
upper e.xtremity is practically confined to the musculature; when 
the muscles are at rest it is not considerable. According to an 
estimate by Asmutssex, HoiiMij Christexsex and ISIielsex 
(1938), based on metabolic experiments with arresting of the 
circulation to the lower extremities, 20—25 per cent of the or- 
ganism's metabolism at rest .should take place in the muscnlature. 
However, it is only a small part of the musculature (about 5 per 
cent) that belongs to the upper extremity in its narrower sense, 
and one may tliereforc confidently assume that the production 
of heat here is very small when the muscles arc resting. It prob- 
ably remains a fact, though, that the heat production in the 
muscles must be considered the most important source of heat 
in the extremity; the other source of heat, the blood that cir- 
culates in the extremities, must come second. Bazett and 
McGloxe (1927) liave tried to measure the temperature in the blood 
vessels themselves, and even althougli tliese investigations are 
rather fragmentary, they should not be overlooked. The authors 
found in the large and well jirotected arteria femoralis tempera- 
tures which were about I'’ below the rectal temperature. On the 
upper e.xtremity they found arterial temperatures in the plica 
cubit! of 35 — 30°, The .subcutaneous veins could be ignored, since 
they, as a rule, were .strongly contracted; in the deeper lying 
venae comitantes the temperature was found to he considerably 
lower than in the arteries, and the authors reached the con- 
clusion that the close pro.ximity to these veins was one of the 
reasons for the relatively low arterial temperature. It is quite 
evident, thouch, that anotlier reason for the low blood tern- 
peraturc is the slowness of the blood stream. One may estimate 
the average rate of flow of the blood in aorta, at rest, to be 11 
12 cm/sec., and this velocity becomes less and less as the arteries 
branch out. In the small arteries to the arm muscles the rate of 
flow must therefore be quite low. Arresting the circulation to the 
upper extremity (fig. 4) results in a sudden, but small fall in the 
muscle temperature, and tlie fall continues, but more slowly, as 
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lonjf as the circulation is shut off. It seems reasonable to con- 
clude that the first fall of the temperature curve is due to the 
cuttiiift off of the heat supplied by the blood, while the subse- 
quent decrease is due to an arresting of the oxidation processes 
in the muscle. 

"Wlien Grant and Bruck Pearson (1937 — 38) arc of the opinion 
that the low temperature in the muscles ])roves that the circulation 
in the resting muscles is very small, then we must consider this, 
at its best, a less fortunate expression, since it does not explain 
the considerable fall in temperature in the distal direction. It is very 
improbable that vascularisation and the flow of blood should be 
greater per unit of tissue in the large, coarse shoulder muscles than 
in the much used and finely co-ordinated small muscles of the hand. 

There is nothing strange, however, in the circumstance that 
the rectal tcnq)erature can remain relatively high. A consider- 
able heat production takes place in the trunk, partly due to the 
activity of the large glands and partly due to muscular activity. 
The muscles concerned are the" heart and perhaps the smooth 
musculature of the intestines, the resjiiratory muscles and the 
muscles that participate in maintaining tlie active positions of 
the body. 

If we now consider the second main factor, the lieat loss, the 
situation is quite similar. The surface of the trunk is small in 
j)roportion to the volume, while the surface of the extremities, 
especially of the upper extremities, is relatively large. IMoreover, 
the heat insulating layer, the subcutaneous layer, is more strongly 
developed in the trunk than in the extremities, and in the latter 
more j)ronounced in the proximal than in the distal part. On the 
other hand, it must be remembered, bearing our experiments in 
mind, that a more developed .subcutaneous layer with the method 
used by us must give cause for lower temperatures since the 
thermo-needles are introdticed to the same depth. Everything 
else being equal, this should cause liigher jneasuring results in the 
thenar than in the pectoralis, something, though, which appa- 
rently is of secondary importance. It is the heat loss that dom- 
inates the picture. This lieat loss also explains the large tem- 
perature drop from the brachio-radialis to the thenar, the lower 
third of the antibrachium having very little musculature and a 
large surface the shape of wliich favours the heat loss; thus no 
heat is produced and the arteries to the hand lie close to the sur- 
face without muscle covering. 
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Taking all this into account one must be justified in assuming 
that the low muscle temperature in the upper extremity is due 
to a small heat production in connection with a high heat loss 
wliile the quantity of heat supplied by the blood appears to be 
of minor importance. 

Exporiments during and after Muscular Work. 

The work experiments, like the experiments at rest, did not 
start until the temperature in the resting muscle had reached a 
relatively constant level, i. c., when 2 or 3 measurements at in- 
tervals of 1 minute gave practically the same result. This initial 
value varied from one individual to the other, and for the same 
subject from day to day. Inasmuch as this circumstance often 
made it impossible to make a direct comparison between the 
experimental results, we jircfcrrcd ns a rule to consider the initial 
a.s 0-value, and, when drawing the curves, to record rise 
or fall relative to this value. In this way it became possible to 
cxpre.ss the results of several experiments in an average curve. 
However, the mean curves mentioned in the following represent 
the experiments with one .subject only, since the individual 
variations did not a]>])oar in the initial temperatures alone. In 
the heginning of the inve.stigation we frequently undertook sev- 
eral experiments on the .same subject on the same day. It was 
soon discovere<l, however, that one could not compare the 1st 
and the 2nd cx])orimcnt, inter alia because the latter always gave 
a smaller, frequently considerably smaller, temperature reaction 
than the former. The program was tliercfore changed to include 
only 1 experiment on the .same person on a single day. As an 
c‘xcej)tion, however, c.vperiments were made on the same day 
with .symmetrical muscles in the same person. The experiments 
iin'olvcd p.'irtly dynamic and partly .static work, and within each 
of the.se groups both the experimental time and the load were 
varied. Finally, experiments were made in which the circulation 
wa,s urre.sted, Tlic .subjects were nil liealtliy men in the age from 
2il to 40. 

Fig. 0 .shows the results of 3 experiments on P. H. made on 
the .same day; time between the experiments about 1 hour, dy- 
namic work, tlic load ttbc same in all 3 experiments) 5 kg. The 
c.xpcriment was each time continued until fatigue set in. In the 
1st experiment the work wa.s interrupted after 4.5 minutes, in 
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the 2nd after 4, and in the 3rd after 3.5 minutes. When the tem- 
perature curve, as in these instances, begins to fall before the 
work ceases, it must be considered a pronounced symptom of 
fatigue. In the I-experiment the temperature rise is 1.9°, in the 



Fig. 6. P. H. Dynamic work. Load 5 kg. 3 experiments at intervals of about 1 
hour. Zero-line resp. 30.2, 37.1 and 37.1®. 

Il-experiment only 0.9°, and in the Ill-experiment not quite 
0.8°. The restitutional period shows similar conditions. In the 1st 
experiment the muscle temperature is still 1° above the initial 
value after 8 minutes, while in the other experiments it rapidly 
reaches the 0-line. 

Fig. 7 shows likewise the effect of preceding work. F. B. dy- 
namic tvork, load o kg. Each curve represents 3 experiments, 
so that a point is the mean value of 6 measurements. The work 



time is 2 and 1.5 minutes respectively. The temperature rise 
continues after the work has ceased. The individual difference 
between this and the foregoing experiment is especially seen in 
the restitutional period, wliich in the I-experiments is very pro- 
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tracted; after 20 mimites the muscle temperature is still 0.8° 
above the initial value. In return, the temperature drop in the 

Il-experiments is exception- 
ally steep, something that 
seems to be characteristic of 
the subject in question; we 
see it again in fig. 7 a which 
likewise is a Tl-experiment, 
Here the load is 10 kg, the 
experimental time shorter, 
and the temperature fall in 
the restitutional period still 
more precipitous. — In spite 
of the differences pointed 
out. tlie temperature reac- 
tion is nevertlielcss in principle the same in both subjects. 

The cause of the above mentioned difference between the 1st 
and the 2nd experiment wa.s undoubtedly that the interval be- 
tween the two experiments was too short, 

1 — 1.5 hours so that the fatigue caused 
by experiment I had not dij»appoared 
when e.xperimont II was started. Practical 
reasons made it impossible Jiowevcv, to 
e.xteud the experiments over a longer 
period of time, so that it became necessary 
to be sati.Hfied with 1 e.xperirnent per day 
for each subject, 

Byiiaiuic Work. 

Fig. 8 records an experiment in which 
the work was jlone by the dorsal flexors 
of the foot, vrith the thermo-needles in 
the tibialis anticus, both in the active 
muscle and in the .symmetrical resting 
muscle. During the experiment the foot 
rested on the heol, and the work consisted 
in raising a weight of o kg attached to tlic 
forepart of the foot. The temperature in 
the working mu.sclc shows after 0.5 minutes a slight fall, then 
rising rapidly and strongly until it is 2.5° above the initial value 

16 — 'ti3582. Acta pht/.% 8candinar. Vol.8. 



thf foot, l.oad 5 kg. Upper 
curve from the working ti- 
l)iiilis nnticiiR, lower curve 
from the gymmetricnl res- 
ting mii.“cie. 



Fig. 7 a. F. B. Dyntimic work. I.om! 10 kg. 
Il-c.Xjk'riniciit. 
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after 2.5 minutes, when the work stops. In the restitutional period 
the temperature shows a further small rise, but begins to fall 
after a couple of minutes. For some reason or other the experiment 
has been stopped too soon. In the resting muscle the temperature 
falls throughout the entire experiment, in the course of 7.5 min- 
utes 0.6°. 

Fig. 9 shows an average curve resulting from 2 work experi- 
ments, one with the right and one with the left arm. Simultaneous 
measurements have been made of the temperature in the sym- 



Fig. 9. P. H. Upper curve giving mean values from 2 work experiments, one with 
the right and one with the left arm. Load 5 kg. The lower curve shows the tem- 
peratures in symmetric muscles in the resting arm. 

inetrical muscle. Subject P. H., load 5 kg. The temperature in 
the muscle rises 2.2° during the work. After the work is over the 
rise changes promptly to a fall; after 16 minutes the temperature 
is still 1.5° above the initial value. In the resting arm the tem- 
perature is steadily falling during the experimental period. The 
temperature fall in the resting extremities does not show any 
demonstrable difference from.what is found when both extremities 
are at rest. 

The temperature increase in a muscle during work increases 
with the load, when. the subject is permitted to work until fati- 
gue. In the main, however, the temperature curves have the 
same shape. Fig. 10, subject P. H., shows the results of experi- 
ments with 3 different loads. The temperature rise in the work 
period is less steep at small loads, but the greatest difference is 
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found in the restitntional period, the temperature in the ex- 
periments with the small loads rapidly reaching the 0-line, while 
the o-kg curve, which in this subject represents a considerable 
effort, after 15 minutes still is 1.2° above this line. 



If the experimental time varies, while the load is kept constant, 
it is found that the slope of the temperature curve during the 
work period is the same in all cases. Fig. 11, subject P. H., load 
5 kg, duration of work 3, 1 .5 and 0.5 minutes respectively, ^^^lile 



Rg. 11. p. H. Dynamic work. Load 3 kg. Duration of work 3, 1.5 and 0.5 minutes 

respectively. 

the temperatiure after 3 minutes work immediately falls, the work 
of 1.5 minutes duration is followed by a slight rise in the after- 
period, and if the work lasts only 0.5 minute it is followed by a 
very sudden and strong temperature rise which gradually changes 
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into a slow fall. Since there can be no question of overloading or 
fatigue in the' last mentioned experiments, it must be assumed 
that the temperature rise after the work is due to the circum- 
stance that the regulation of the circulation has not reached an 



e 2 t i t to ti If fi n 10 mm. 


Fig. 12. F. B. Dynamic work. Load 10 kg. Temperatures directly recorded. The 
rectal temperature reeorded in the i'igure. 


adequate development in the short time that the experiment has 
lasted. 

In experiment fig. 12, subject F. B., load 10 kg, working time 
1.5 minute, we find conditions corresponding to the lower curve 
in fig. 11, with the sole difference that in this case, owing to the 


heavier load, all dimensions are 
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Fig. 13. P. H. Dynamic work. Load 
10 kg. Zero-line = 34.4°. 

2° above the initial temperature 


larger. In this case the muscle 
temperatures are corrected, and 
the rectal temperature is re- 
corded in the figure. 

This is shown rather strikingly 
in the following experiment, fig. 
13, Subject P. H., load 10 kg. 
In this case the load exceeds the 
strength of the person, and the 
work time is thereby forced down 
to a minimum. After 0.5 minute 
of work we find a temperature 
fall of about 0,2°. From this 
point the temperature rises 
rapidly and reaches in 8 minutes 
This level is maintained during 


the next 2 minutes, whereupon the experiment is stopped. 

The temperature fall during the beginning of the work, which 
we find in several experiments and which in some is so pronounced 
that the experiment is rejected, must in all probability be due to 
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a dislocation of the thermo-needle in the mnscle, the muscle 
having changed its shape during the contraction. li^Tien, as in 
fig. 13, the muscle is overloaded there is moreover apt to be a 
slight twisting of the arm which may cause a pull. in the thermo- 
needle, It is highly improbable that the thermo-needle, once it 
has been dislocated, Avill return to its original position, but the 
dislocation will, if the needle remains in its new position, only 
cause a displacement of the initial value, but not affect the shape 
of the rest of the curve. In this connection it should be remem- 
bered, however, that a strong muscle contraction may cause a 
rather effective arresting of the circulation, and it is perhaps not 
impossible that this may in a 
few cases cause a slight fall in 
the muscle temperature. 

In the above mentioned ex- 
periments with P. H, we find, 
during the dynamic work for 
3 minutes with a load of 5 kg, 
an average temperature rise 
in the biceps of 2.05°. In 
stronger or better trained ^ 
subjects the temperature rise 
is smaller. Thus in the case U. Load 5 kg. 

of P. B. we find in a 3 min- 
utes experiment with the same work a rise of only 1.75°, i. e., 
15 per cent less than in the case of P. H. (fig. 14). In K, H. 
(fig. 15) the temperature rise after 5 minutes work is 2.2°, but 
after 3 minutes the temperature has risen only 1.4°, i. e„ 
32 per cent less than in P. H. 

In work of this magnitude the temperature falls immediately 
after the work has ceased. In K. H., however, it falls very slowly 
after 5 minutes work; only 0.5° in the first 5 — 6 minutes. 

If one of the better trained subjects is given work to which he 
is not accustomed, the temperature rise becomes greater. In work 
with the dorsal flexors of the foot F. B. reaches in 2.6 minutes 
a temperature rise of 2.5°, which in the restitutional period in- 
creases to 2.75° (fig, 8). 

Since the height to which the load is raised is about 10 cm 
with a timing of 34 contractions per minute, the total work in 
3 minutes is 0.1 X 5 X 34 X 3 = 51 kgm. For this work we find 
the following temperature increases: 
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Subject 2 min. 3 min. 5 min. 

P. H 1.45 2.05 

F. B 1.25 1.75 

K. H 0.95 1.40 2.20° 


Thus the slope of the curve after 2 minutes is about the same in 
the case of all 3 subjects. This, however, tells us nothing regarding 
the magnitude of the heat production that has occurred in con- 
sequence of the work, and this quantity cannot be calculated on 
the basis of the available data. The biceps is only one of the 
muscles of which the working synergy consists, and it is not 



known how the temperature in the other muscles changes during 
the work. It is probable that the temperature rise in, e. g., brachio- 
radialis will prove to be less, while in brachialis anterior it un- 
doubtedly will be greater than in biceps. Moreover, in several 
cases heat will be carried away by the blood. 

Static Work. 

If we consider the muscle function from the point of view of 
the physiology of the muscle there is only one form for muscular 
activity, but, under changing conditions, this may manifest itself 
in different ways. According to the contraction theory which is 
developed in this laboratory, the molecular chains of the myosin 
micellae are extended beyond their equilibrium position by 
electrostatic forces, probably localized to the molecule itself. 
When the fibre is stimulated, a drop in the electrical potential 
occurs, which causes the contractile elements to approach their 
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equilibrium position. Then the electrical potentials will rapidly 
be reformed, and the fibre will resume its original length. If the 
fibre is not under load, the process will be reversible. But if the 
fibre is under load, and thereby prevented from attaining its 
equilibrium length, a mechanical tension will arise, and the fibre 
will be able to do mechanical work. If the tension developed is 
just in equilibrium with the load, no movement will occur, and 
thus no work will be done. If the tension is greater/smaller than 
the load, a positive/negative work will be carried out. Thus far 
there is no physiological difference between dynamic and static 
work. When the two “work forms” in practice behave differently, 
or can behave differently, it is because of the circulation in the 
muscle, i. e., the working conditions. It is found that a strong 
static contraction can apparently arrest the circulation to the 
muscle almost as effectively as the. application of a tourniquet. 
Hence the pronounced feeling of fatigue which soon makes itself 
felt in static work. These questions have been elucidated through 
determinations of metabolism (respiration experiments). The 
temperature measurements appear to give results which are 
easily brought into harmony with these findings. 

It is unfortunate that a comparison between magnitude of 
work and intensity of work in the case of static and dynamic 
work cannot be made. Dynamic work can be expressed in any 
kind of work unit, but not so with static work. Hartreb and 
Hill (1921) have proposed to characterize the static activity of 
the muscle by the product: tension X time (tension-time), but 
that does not get us much farther, since the two quantities, work 
and tension-time, do not have the same dimension. As the re- 
sponsible process in both instances is the same, it should be pos- 
sible to obtain a common measure in the energy consumption, 
measured by the oxygen intake. But this way out is of no 
value here . One reason is that the magnitudes of the work con- 
cerned are so small that it would require a very long series of 
experiments to establish the rise in oxygen consumption with 
reasonable accuracy. Moreover — and this difficulty has so far 
proved insurmountable — it is impossible to keep the two forms 
for work separate. The dynamic work requires that the part of 
the body which is not moved during the performance of the work 
must be stabilized, and the stabilization takes place by means 
of static work. A priori it is a fact that the work of stabilization 
will be different when a weight is raised and lowered rhythmic- 
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ally and ^yllen the same -weight is held in some fixed position; 
therefore it is impossible to use the oxygen consumption in the 
two cases as a measure of the energy transformation of a certain 
group of muscles. How much this stabilization work means 
energeticallj^ one may judge when considering that in work on a 
bic 5 ’-cle ergometer it is possible to achieve a mechanical efficiency 
of 20 — 25 per cent, while this efficiency is about 2 per cent when 
maximal .work is done by the flexor muscles of the elbow. In the 
former instance the stabilizing work is quite small, in the latter 
very large. This extra work naturally entails a considerable heat 
production in all the active muscle groups, but this does not 
directly affect the temperature in the muscle group the work of 
which is measured in the given case; but if it is sufficiently large 
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Fig. 16. P. H. Static work. Load 2.3 kg. Zero-line = 34.7°. 


it must become manifest as a rise in the rectal temperature. "When 
it has been impossible to demonstrate any such rise in our ex- 
periments it must be because the total evolution of energy due 
to the work is short-lived and relatively small. 

Just as the dynamic muscle activity, when the tension is high 
and the contractions follow in rapid succession, may act like the 
static one, because the circulation is retarded by the strong ten- 
sion and cannot get time to adjust itself in the short free inter- 
A’-als (fig. 13), or in cases of moderate but short-time work where 
the regulation of the circulation lags behind (fig. 12), so it will 
be found that very light static work may act as dynamic work. 

Fig. 16, subject P. H., load 2.5 kg, work time 7 minutes, mean 
curve from 2 experiments. The muscle temperature rises only 
0.45°; it falls immediately as the work ceases, after 6 minutes 
reaching the initial value, whereupon the fall in temperature 
continues evenly as at rest. During the last 3 minutes of the work 
the temperature seems to have reached some kind of “steady 
state”. 
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Fig. 17, subject Cbr. P., load 10 kg, mean curve from 3 ex- 
periments. A point on the curve thus represents 6 temperature 
measurements. The very strong subject has held the 10 kg for 4 
minutes, -with a rise in temperature of 1,12°; in the after-period 
the temperature rises only 0.1°; it reaches the 0-line in 22 min- 



Fig. 17. Clir. P. Static work. Load 10 kg. Each point is tlie mean value of 6 tem- 
perature raeasurement.s. The rectal temperature is given at 3 different times 

Zero-lh.e = 35.0°. 

utes. This curve too is not clearly “static”. The initial tem- 
perature is 35.0°, ma.ximum 36.82°, corrected 37.32°. The rectal 
temperature at this time is 37.2°. It may be added that this is 
the only case in which we can demonstrate a slight rise in the rectal 
temperature during the whole experiment. 



Fig. 18. F, B. Static work. Load 10 kg. 


The curve in fig. 18 shows a similar course. Mean values from 
2 experiments, subject F. B,, load 10 kg. During the work period 
the temperature rises 0,95°, and reaches in the after-period, in 
the course of 1 minute, 1.25° above the initial value, whereupon 
it slowly falls. 
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In these experiments we find once more that the strongest 
person has the lowest temperature rise when the work is the same. 


Subject 2 minutes 3 min. 4 min. 

F. B 0.56 0.95 

Chr. P 0.46 0.79 1.12° 



In fig. 19, subject P. H., load 5 kg, the temperature rises 1.2° 
during the work and reaches in the first minute of the restitu- 
tional period 1.4°, whereupon it falls rather rapidly. By comparing 
this temperature rise with the rise during dynamic work with the 
same load (fig. 9) it is found that the rise in static work is only 
about half of what it is in dynamic. 

P. H,, load 6 kg. 2 min. 3 min. 

Dynamic work 1.45 2.05 

Static work 0.74 1.05° 



Fig. 20, subject K. H., load 10 kg, is an example of a typically 
“static” curve. The subject has been able to hold the weight 
for 2.5 minutes, and during this time the temperature has risen 
0.7°. After the work has ceased, however, the temperature rises 
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rapidly, then again very slowly, reaching 1,6°, 10 minutes after 
the work has stopped. Thereupon the temperature shows a slow 
fall, and 4 minutes later it is still 1.45° above the initial tem- 
perature. 

A comparison between fig. 20, the purely static work, and fig. 
21, dynamic work during arrested circulation, shows, what was 
to be expected, that it is the failing circulation through the sta- 
tically contracted muscles that is responsible for the shape of the 
“static” curve. Fig. 21 illustrates an experiment with K, H., dy- 



Fig. 21. K, H, Dynamic work. I^oad 5 kg. Circulation arrested before and during 

the work. 

namic work, load 5 kg. During rest, with the circulation arrested, 
before the work, the temperature in the muscle falls 0.3°; then 
follows a rise during work of 0.8°. "^^Tien the circulation is restored 
simultaneously with the cessation of work, the temperature rises 
strongly and reaches in 10 minutes a maximum of 2.5° above the 
initial temperature. It then falls slowly, only 0.2° in the next 6 
minutes. 

In the following experimcnt.s the arresting of the circulation is 
continued for a few minut(!.s after the work has ceased. Figs. 22 
and 23 again present opportunitic.s for comparison between static 
and dynamic work. 

Fig. 22, subject 1^. H., static work, load 5 kg. The circulation 
arrested. Each point on the curve is the mean of 4 readings. Im- 
mediately after the application of the tourniquet the muscle 
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temperature falls and reaches — 0.6°; during work in 3 minutes 
tlie temperature rises about 0.1°. After the work has ceased there 
folloAvs a slight rise, and then a fall to — • 0.7°. At this time the 
circulation is restored, and the temperature rises in 3.5 minutes 
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Fig. 22. P. H. Static work. Load 5 kg. Circulation arrested before, during and 
after the work. Zero-line = 35.1°. 

to a maximum of -f 0.7°, then falling evenly towards the initial 
temperature. Compare fig. 4, an experiment at rest vdth the 
same subject, where the circulation has been arrested for 10 
minutes. 

Fig. 23 records an experiment with K. H., dynamic work, load 
5 kg. In all essentials this curve has the same shape as fig. 22. It 



Fig. 23. K. H. Dynamic work. Load 5 kg. Circulation arrested before, during and 

after the work. 


is observed that at the beginning of the work there is a small 
temperature fall, which might indicate a dislocation of the needle 
electrode; moreover, that the temperature rise during the work 
in this case is considerable, and, finally, that the temperature 
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rise in tlie restitutional period is greater and is maintained mucli 
longer. 

In another experiment with K, H. (static work, load 10 kg; 
circulation arrested before the work was started) during work 
the temperature rises 0.8°. In the first minute thereafter it 
shows a further rise to 1.0°, then falling a little, until the 
circulation, 6 minutes after the work is discontinued, is again 
restored. At this time there begins a strong temperature rise 
which reaches a maximum, 3.1° above the initial temperature, 
11 minutes after the work has ceased. 5 minutes later the tem- 
perature is still 2.9° above the initial temperature. 

The experiments with work while the circulation is arrested all 
show that the temperature in the muscle rises during the work, 
even though the circulation has been arrested for several minutes 
prior to the start of the work. This observation, which has previ- 
ously been made by Lippross (1942), can only mean that during 
the contraction there occurs non-oxidative, heat producing pro- 
cesses in the muscle to a not insignificant extent. It seems reason- 
able to attribute the passing temperature rise, which occurs im- 
mediately after the work has ceased, to this heat production. This 
continuation beyond the work period should be characteristic of 
the anaerobic work. One might perhaps ask: Is it not possible 
that the small temperature rise during arrested circulation after 
the anaerobic work can be due to a dislocation of the needle 
electrode in the muscle, in analogy with the previously de- 
monstrated temperature fall at the beginning of the work which 
has been observed in a couple of the last mentioned experiments? 
Such an assumption is rather improbable, however. In the cases 
concerned it is not a matter of a very sudden, brief temperature 
fall, but a temperature fluctuation lasting 1 — 3 minutes. More- 
over, it is highly improbable that a ternio-needle which has been 
dislocated should find its way back to its original position; it is 
easy to understand that a needle may perhaps slide out, but it 
is difficult to see how it should slide in again. 


Tlie Rectal Temperature. 

In the experiments the rectal temperature has varied from 
36.8° to 37.4°, in most cases being between 37.0° and 37.2°. As a 
general rule it is found that when a subject occupies a reasonably 
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comfortable sitting position, the temperature will fall quite 
evenly and slowly. This we have observed in several experiments. 
In other instances the rectal temperature has remained constant 
during the experiment, or there has been small fluctuations, 
purely accidental in character. Only in one subject (see fig. 17) 
have we been able to demonstrate an even, but slow rise in the 
rectal temperature, which presumably must be attributed to the 
work. Of course, it is quite probable that, in the experiments 
where the rectal temperature has remained constant, one may 
see an effect of the work just compensating the fall which other- 
wise might have occurred in consequence of the prolonged sitting 
still of the subject. 

When the demonstration of the influence of the work on the 
rectal temperature is so uncertain it is undoubtedly because the 
work intensity is so small, and also because the period of work 
is so short. 17 kg/min. is a very small work intensity, even though 
supplemented by the unavoidable stabilization work, and 2 — 5 
minutes is a very short work time. It was impossible, however, 
to increase these quantities, since the synergy used could not 
produce any more. 


Discussion. 

^m e iou B- e xp eriments have shown that the body temperature, 
the rectal temperature, rises during muscular work. Such experi- 
ments have in particular been carried out by means of the bi- 
cycle ergometer, where both the intensity and the duration of 
work can be made many times greater than it was possible in 
our experiments. The experiments with which we are dealing 
show that the muscle temperature also increases during work, 
and that this rise indicates a production of heat in the muscle 
itself. The temperature in the extremities is, as mentioned above, 
considerably lower than the rectal temperature, though there is 
a continuous flow of blood through them, with a blood tempera- 
ture which, before reaching the extremities, is at least equal to 
the rectal temperature. This fact can hardly be explained other- 
wise than by assuming that the blood, owing to the relatively 
large surface of the extremities, is exposed to cooling in excess 
of that circulating in the body. If we imagine that, at unchanged 
heat production, more blood flowed to the extremities, then this 
would at first cause some rise in the temperature of the extrem- 
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ities, but the rise 'tvouJd be slow. Tbe rate of flow of the blood, 
which in aorta may be estimated to be 11—12 cm/sec,, decreases 
gradually towards the periphery and is very low in the capillaries, 
and these, even in a strongly vascularized skeletal muscle, con-, 
stitute but a fraction of the mass of the muscle. The heating of 
the muscle in this manner would at the same time cause an in- 
creased fall in the rectal temperature. Unfortunately, it is hardly 
possible to determine the temperature movements quantitatively, 
because we do not know the quotient of the total blood that pas- 
ses to an extremity, nor the part of this that passes to the muscle 
investigated, whether at rest or during muscular work. How- 
ever, a -priori it is not probable that an extremity muscle should 
be heated several degrees, solely because of an increased flow of 
blood, unless an increased heat production occurs at one place or 
another, nor unless the rectal temperatme shows a considerable 
fall. If in some organ there occurred a considerably increased 
production of heat, then this would manifest itself as an increase 
of the body temperature, and such an increase would, ceteris 
paribus, also manifest itself in the form of a rise in the muscle 
temperature. But this rise would be accompanied by a still greater 
increase of the rectal temperature, and no such rise has been 
found in our experiments. Hence it is improbable that chemical 
processes should occur in the working muscle, causing the forma- 
tion of substances which, not in the muscle but in another organ 
(e. g., the liver), nright give rise to metabolic processes with posi- 
tive heat effects. Such an assumption is not only improbable, 
but impossible in the cases where the temperature lies above the 
rectal temperature. Moreover, it is not in the case of heavy work 
that the muscle temperature exceeds the rectal temperature — 
it is mainly in the experiments where the initial temperature is 
high. In fig. 17, subject Chr, P., which represents the heaviest 
work done in our experiments (the other test peisons being un- 
able to perform it) the maximum of the muscle temperature 
exceeds the rectal temperature by only 0.13°. In subject K. H., 
who was thin but rather musclar, and who had low muscle 
temperatures at rest, the temperature in the muscle never 
reached the rectal temperature, though the subject showed large 
temperature rises during the experiments. In P. B., whose muscle 
temperature at rest was high, with an average of about 36°, the 
muscle temperature in several instances rose considerable above 
the recta', temperature. For example: 
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Fig. 12. Initial temperature (corr.) 36.4°. Kise during experi- 
ment 1.16° = 37.56°. Kectal temperature 37.13°. 

Fig. 7 a. Initial temperature (corr.) 37.2°, Else during experi- 
ment 1.05° =38.25°. Eectal temperature 37.25°. 

When the temperature in the muscle, as in the experiment 7 a 
just mentioned, at the start of the experiment is very close to 
the rectal temperature, it is out of the question that the tempera- 
ture rise in the muscle can be due to increased circulation, and 
since we cannot assume that the initial temperature can influence 
matters of fundamental importance, it is necessary to assume 
that the circulation in all cases plays a secondary role in this con- 
nection, even though in cases with very low initial temperature 
one may imagine a temperature rise due to increased circulation. 
It is the temperature of the blood in the supplying artery which 
determines whether the muscle is to give off or to receive heat 
during the circulation. We do not know this blood temperature, 
but it must be assumed from the present investigation that it is 
lower than the rectal temperature. Hence we are justified in as- 
suming that the temperature rise in the muscle during work is 
due to heat-producing processes in the muscle itself. 

On the basis of investigations on the temperature regulation 
during muscular work, showing that the heat regulation does not 
adjust itself as one would expect if the object was to reduce the 
body temperature, Nielsen (1938) has shown that the increase 
of the body temperature which occurs during the work, and which 
appears to be proportional to the magnitude of the work, is to 
be considered as a measure of expediency, the higher tempera- 
tures being taken to accelerate the metabolic processes in the 
muscle. For work of the order of magnitude which occurs in our 
experiments the rectal temperature is not to be taken into 
account, and even in experiments involving heavy work which has 
strong influence on the rectal temperature, the rise in tempera- 
ture is so slow that its significance to the work in many instances 
may be illusory. But when the temperature rise occurs in the 
working muscle itself, and begins simultaneously with the work 
then we have conditions where the increased temperature may 
act as assumed by Nielsen. Thus our experiments support his 
hypothesis. 

Inasmuch as the temperature curves on the whole follow a 
course similar to that of oxygen absorption curves, it would seem 
reasonable to conclude that the temperature rise in the muscle 
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is mainly due to oxidation processes. The function of the circula- 
tion is to supply the muscle with oxygen, and not to heat the 
muscle. The temperature rise during work, with the circulation 
arrested, shows, however, that anaerobic heat-producing pro- 
cesses may occur in the muscle, the muscle being unable to store 
oxygen. Also in the cases where the arresting of the circulation 
extends beyond the cessation of work do we find a small, rapidlv 
passing, rise in the temperature after the work. This leads to the 
idea that also the non-oxidative, heat-producing processes in the 
muscle are as.sociated with the restitutional phase of the muscle 
fibre and not with the contractional phase. 


Siinunary. 

1. The temperature in resting muscles, measured by means of 
needleshapcd thermocouples, shows considerable variation. In the 
muscles of the extremities it is most .generally 34 — 35,5°. In the 
thenar the temperature is found to be 4° lower than the rectal 
temperature. 

2. "WTien the subject is sitting still, with the skin exposed, the 
muscle temperature shows a gradual fall. 

3. During dynamic work (51 kgm in 3 minutes) with the flexor 
muscles of the elbow, the temperature in the biceps rises 1.4 — 
2.05°, the least in the strongest subjects. In the after-period the 
temperature falls gradually, the faster the less the work has been. 
Even relatively light work may, however, occasionally lead to 
protracted displacements of the temperature level in the muscle. 

4. For the same subject the temperature rise during the work, 
with the same -work rhythm, is directly dependent upon the 
magnitude of the w'ork. 

5. In experiments of very short duration the muscle tempera- 
ture rises after the w'ork has ceased, presumably because of in- 
adequate circulation during the "work, 

6. In dynamic work with lieavy load the muscle temperature 
is found to behave as in static •work; conversely, in static work 
with light load the temperature will behave as in dynamic work. 

7. During static work the muscle temperature rises moderately 
or only very little during the work period, but the rise continues 
for a shorter or longer period after the work has ceased. 

8. This phenomenon is still more pronounced when the circula- 

l7 — f/^i3582. Acta phi/s. Sea ndinav. Vol.8. 
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tion to the working muscle group is arrested. Then the high tern* 
perature rise will not appear until the circulation is restored. 

9. The experiments show that the temperature rise in the 
muscle in the main is due to processes with positive heat effect 
in the muscle itself, not to increased circulation. 

10. The heat production is mainly due to oxidation processes, 
but is also observed during and after work with the circulation 
arrested. The anaerobic heat production is very small, however. 

The •work has. been supported by grants from the Carlsberg Foundation and 
the MichaeUm Foundation. 
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Phytin, or more correctly phytic acid, is a hexaphosphoric 
acid est-cr of inositol and forms in pure state a yellbtvish, clear, 
viscous liquid. Usually, however, the word "phytin” means salts 
of the phj’tic acid, of which a great number is known. In natme 
we find neutral Ca-]\rg double salts, insoluble in water, while 
the trade preparations are acid salts, more or less soluble. The 
Fe, Gu, Pb and Ag salts are insoluble and can be used for the 
isolation of phytin. The natural Ca-Mg salts are soluble in di- 
luted acids without decomposition and can be extracted for in- 
stance with n/2 HCl. 

The enzyme phytase splits phytin into its components, inositol 
and inorganic phosphate. Adlee (1915) states that phytase has 
its pH-optimum about 5.4 and its greatest activity from 43 to 
58° C, above which temperature it is very rapidly spoiled. Pe- 
dersen more recently has found the optimal pH about 6.2. In 
malt, according to Adlee, at least two types of phosphatases 
are present, one of which brings insoluble organic P into solution, 
while the other performs further splitting to inorganic phosphates. 

In plant seeds, especially the cereals, the greater part of the 
total phosphorus is present as phytin. Ho phytin, however, is 
found in vegetables and greens. (Aebenz 1923). The physiological 
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importance of phytin had been very differently judged. Some 
scientists, especially in the years up to 1920, have regarded it 
as a phosphorus source of great value, and phytin has been pro- 
duced industrially in pure state for medical purposes. Other in- 
vestigators, however, maintain that the resorbtion of phytin as 
such is very doubtful, and that no resorbtion can take place 
unless it has been spht by phytase into its components. 

This splitting can be performed during the preparation of the 
food, or at last in the intestine by phytase accompanying the food, 
but the presence of phytase among the digestive enzymes is 
doubtful, and if pure phytin is given, most of it will be found 
uninjured in faeces. Thus, in food lacking of phytase, we cannot 
expect any splitting of phytin, and then, if we calculate with 
the total phosphorus present, the apparent Ca : P balance will 
give a false picture. Under given conditions, this balance can 
be so disturbed that rachitis will result. This view is greatly sup- 
ported by the work of Pedersen (1. c.) through his experiments 
with pigs. In his publication, a very complete survey of the li- 
terature on phytin is also given. 

Among the cereals, oats and maize are reputed to be rachito- 
genio, and various scientists in vain have been searching for a 
“toxic” factor in these products. It appears that the rachitogenic 
properties of oats and maize are due not to the presence of a toxic 
factor, but to the lack of another factor, namely phytase. One 
cannot discount the possibility that, under certain circumstances, 
these cereals may have a similar effect in human nutrition, and 
thus an examination of the food articles on cereal base is justified. 
To some extent such examinations are referred by Pedersen 
but a more complete survey is desirable, partly because the bakiug 
methods may differ quite much from one country to another, 
giving different chances for the enzymatic breakdown of the 
phytin, and especially because in Norway during w'artime oat 
meal is mixed into the ordinary bread flour, sometimes in con- 
siderable quantities. 

In the present paper, then, the phytin contents of a number 
of the usual types of flour is examined together with their ash 
and protein contents, and then follows a study of the rate of 
decomposition of the phytin due to their own phytase contents 
in water suspensions. The corresponding decomposition in doughs 
under various conditions and the remaining phytin in the usual 
bread types will follow in another paper. 
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Methods. 

Phytin can be extracted from cereals etc. 'ndtb n/2 HCl, which will 
also inactivate the phytase present. A titrimetric precipitation method 
for the determination of ph3^in is given by Heubxer and Stadtler 
(1914). The method, further elaborated by Arbenz, is based upon 
the precipitation of phj^in %nth a FeCla-solution in O.g % HCI, since 
inorganic phosphates, simultaneously present, are not precipitated as 
ferric salts by th’s acidity. NH4CNS serves as indicator, and a faint 
rosa (“flesh-coloured”) marks the endpoint of the titration. The mul- 
tiplication of the number of milligrams Fe with l.m is said to give 
the amount of phytin-P. This procedure, however, now is replaced 
by better methods, since the repeated extractions recommended are 
time-wmsting, and the endpoint of the titration is uncertain, especi- 
ally in the presence of much inorganic phosphate. 

The ferric phytate precipitated in a cold fluid is colloidal, but it 
can be brought to flocculate through heating in a boiling water bath 
for 15. minutes, thus permitting a quantitative separation from the 
liquid. For determ iqation, two ways can be followed: 

Young operates with a definite quantity of FeClj and determines 
the excess of Fe colorimetrically in the resulting bquid, from which 
the iron in the precipitation and thus the phytin P can be calculated. 

McOancb and Widdowson (1935) decompose the ferric phytate 
with NaOH, filter off the ferric hydroxide, ash the resulting Na-phytate 
with HaSO* -f HNOj and determine phytin P herein. 

The latter method, described in detail by Pedersen, has also been 
adopted by the author, who has simplified it to some extent. The pro- 
cedure is as follows; 

The bread or flour extract, normally 10 gms. of flour in 100 ml 
n/2 HCl, is centrifuged. 50 ml of the Uquid is neutralized with 5-n 
HaOH and filled up to 100. 50 ml of this plus 10 ml of FeCls solved 
in n/1 HCl are heated for 15 min. in a boiling water bath. After cooling 
the liquid is centrifuged, whereby the ferric phytate forms a coherent 
mass on the bottom of the glasses, permitting a complete decantation 
of the liquid. The precipitation now is decomposed with 20 ml n/2 
NaOH, transferred to the large test tubes in which the first heating 
took place, and heated again in the water bath for coagulation of the 
ferric hydroxide. The liquid then is brought back to the centrifuge glas- 
ses, washing after with w'ater, and centrifuged. The Na-phytate solution 
is decantated into Kjeldahl flasks for mineralization with nitric plus 
sulphuric acid, and P determined herein. The ferric hydroxide can be 
solved in H2S04 for determination of Fe, if wished, either colorimetrh 
cally, or the ferric sulphate is reduced to the ferro compound ■\vith 
pure zinc powder and titrated with K]Mn04. In a great number of such 
double determinations, the author has found a ration phytin P '. Fe 
of 0.75 instead of the factor l.is as reported by Heubner- Stadtler 
and Arbenz. The explanation must be that the ferric phj-tate is not 
completely precipitated by the titration method of these authors, so 
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that the amount of Fe bound at the endpoint is too small. In most 
recent investigations, however, the phytin phosphorus has been deter- 
mined. as such, so that the results reported can be regarded as valid. 


Contents of Total P and Phs'tin P in Flours in Eelation 
to Tlieir Ash and Protein Contents. 

Data for several floiirs are given in the subsequent table 1. 
All numbers are calculated for dry matter and expressed as grams 
in 100 grams. The phytin contents of the flours is seen to increase 
with the ash. Since this again is related to the degree of extrac- 
tion of the flour, it means that the phytin is present chiefly in 
the outer layers of the grain, bran and germ. This is in accordance 
with earlier findings, for instance by Pringle and Moran (1942). 
No relation can be found between phytin and protein contents 
of flour, and such a relation is hardly to be expected. In flours 
with a high mineral content, phytin P makes a higher percentage 
of total P than in white flours with little ash. Generally the total 
phosphorus of flours, expressed as P 2 OS, forms about 50 % of 
the ash. According to Pringle and Moran, the amounts of Ga 

Table 1. 


Contents of ash, protein, total and phytin P in various flours. 


Flour 

Ash 

Protein 

Total P 

Phytin 

P 

Non- 
phytin P 

Phytin P 
% of 
total P 

Wheat jlours: 
Norwegian, 73 % 

0.87 

11.1 

0.195 

0.091 

0.104 

46.5 

Flour of Central- 
European wheat . 

0.88 

9.5 

0.188 

0.108 

0.080 

57.5 

Do. ca. 85 % . . . 

1,15 

10.8 

0.265 

0.177 

0.078 

69.6 

Wholemeal 94 %, 
American wheat . 

1.96 

18.0 

0.467 

0.332 

0.135 

71.0 

Wholemeal, Norwe- 
gian wheat . . . 

1.90 

11.2 

0.463 

0.320 

0.133 

70.7 

Rye flours; 

White flour 67 % 
with 16 % wheat . 

0.84 

7.3 


0.099 

0.085 

64.0 

Do 

0.87 

7.1 

HSifIn 

0.077 


53.0 

Flour ca 82 % . . 

1.18 

8.7 

HSwiSH 

0.166 


63.0 

86 % flour from 
sprouted rye . . 

l.CO 

10.7 

0.332 

0.149 

0.183 

45.0 

Whole meal 94 % . 

1.G8 

9.0 

0.370 

0.269 

0.101 

72.7 

Barley flours: 

68 % flmm .... 

1.60 

9.2 

0.37G 

0.225 

0.151 

60.0 

80 % » .... 

1.86 

10.8 

0.415 

0.296 


71.5 

80 % » .... 

1.92 

10.0 

0.447 

0.306 


68,5 

Oat meal, 00 % . . 

2.24 

11.3 

0.482 

0.255 

0.227 

6.3.0 
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and Mg in whole wheat meal are sufficient to bind the total 
phosphorus as a mixed Ca-Mg-phytate, and this would suggest 
a high correlation between ash content and phytin P in flours. 
This is in fact confirmed by the author’s results, and further 
evidence is given by Pedersen. In his publication ash values 
are not given, but under the condition that PjOg forms 50 % of 
the ash, the numbers can be calculated. In the graph figure 1 



Eg. 1. Relation between aeh and phytin contents of various flours. 


the author’s results are grouped with the values calculated from 
Pedersen’s publication. It will be seen that the observations 
with very few exceptions are crowded about a straight line, 
which indicates that the phytin content will be reduced to nought 
in flours with the lowest mineral content attainable, about 0.30 
g/100 g. In such flours, the total P approximately will amount 
to 0.065 g/100 g. 

This amount is of interest when compared with the column 
“Non-phytin P” in table 1. Even if the quantities of Ga and 
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Mg present are sufficient to bind all P as pbytin, there will always 
be a rest, which is not related to the ash content, and largely of 
the same size of order, about 0.065 g/lOOg. This is confirmed 
by some of the results of Pedebsen, cited by Mollgaard, and 
referred here in table 2. 


Table 2. 


Total P and phytin P in Danish flours. 


Plour 

Total P 

Phytin P 

Non- 
phytin P 

"Wheat flour 1 

0.095 

0.028 

0.067 

<) )> 2 

0.007 

0.031 

0.06G 

» i> 3 

O.lOO 

0.033 

0.067 

Whole wheat meal 

0.275 

0.192 

0.083 

1 Wheat, whole grain 

0.319 

0.273 

0.046 


This non-phytin P consists of the phosphorus bound in proteins 
and lipoids, and further a small, but definite amount of phos- 
phorus is always bound as amylo-phosphoric acid esters in the 
amylopectin of the starch. 

In wholemeal, the amount of non-phytin P often is a little 
higher, but very few cases show a deviation which is really signif- 
icant. One of them is an oatmeal, another is an 85 % extraction 
of a severely sprouted rye, so damaged that it cannot give a proper 
bread. It is possible, in this case, that a decomposition of ori- 
ginally present phytin has taken place during the beginning ger- 
mination. 


Eate of Decomposition of Phytin by Phytase of tlie Flours. 

For the examination of phytase activity in flours, the following 
procedure was adopted; 

A suspension was made of 100 gms. of flour and 300 ml water, satu- 
rated with toluene. Care was taken that the suspension at once obtained 
25° C, at which temperature it was kept in an incubator. Various pH 
levels were adjusted by addition of lactic acid. At intervals samples 
of the viscous suspension were weighed for examinations. Remaining 
phytin was extracted by making the sample n/2 with HCl, further 
procedure as above. Besides, the quantity of phosphorus in solution 
was determined by diluting a sample of the suspension with cold 
water and centrifuging at once. 50 ml of the supernatant liquid was 
pipetted off for ashing with H 2 SO 4 -j- HNO 3 , and P determined herein. 
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In this way, a M-hole wheat meal, a 67 % white rye flour and 
a whole rye meal, a 80 % barley and a 60 % oat meal were studied 
at 3 or more pH levels, namely the natural pH of the suspension, 
about 5.2 and sourer {4. 3—4.0). To save space, only one of the 
numerous analytical tables is given as an illustration (table 3). 

Table 8. 


Whole ivheai ineal^ total P 0.4S3 gjlOO g. phjtin P 0.320 gjlOO g. 

at pH 5,2. 


ibsbi 

P in solution 

Rcranining 
phytin P 

i Decomposed 

1 phytin 

P in solution -f- 
decomp. phytin 

1 

i 

i 30 . . . ., 

0.235 

0.230 

’ 

■ 0.000 

O.itr. 

GO ... . 

0.29 G 

0.1. ts 

0.1157 

0.129 

120 

0.3 JS 

0.0 

! 0.320 

0.02S 

I ISO ... ,• 

0.371 


i 0 

0.0.51 

i 240 

0,390 

— 

1 ^ 

0.070 

:i440 

0.407 

— 

1 

0.087 


Kemaining phytin P may be undissolvcd and dissolved, not yet 
decomposed. The latter part is included in the column P in so- 
lution, which for the rest consists of inorganic phosphates from 
the decomposed phytin, and organic phosphorus compounds others 
than phytin. The nature of this latter component is visible in 
the last column of the fable. Here, we first find considerable 
quantitic.s of phosphorus, doubtlessly consisting chiefly of un- 
decomposed, dis.solved phytin, which decrease with the progres- 
.sive activity of the phytase. Then this column shows but small 
amounts of phosphorus, increasing slowly with time. In a sourer 
medium, the solubility is a little higher, but a little rest of the 
total P is alway.s left undissolvcd. As e.xpccted, the solubility 
of undecompo.sed phytin is greater the sourer the su-spension. 
The total picture of phytin decomposition and solution of phos- 
phorus is given in figures 2 a-c. 

As for the enzymatic decomposition of phytin, it has been found 
to have its greatest rate at pH 5.2, in accordance with Pedersen. 
For illustration, the times for 50 and 100 % decomposition for 
the flours are given in table 4. 

The table illustrates quite clearly the pH effect on the enzy- 
matic process, which is in very good accordance with the resu ts 
of Pedersen. Beside.s, it is remarkable how much faster ph^m 
decomposition takes place in rye flours, both in white and ^ ® ® 
meal products, than in wheat and barley. This gives ern ence 
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Mg. 2. Phytdn deoompoBition and solubility of phosphorus in suspensions at various 
pH levels, a) whole wheat meal b) whole rye meal c) 80 % barley flour. 


Table 4. 


Rate of enzymatic decomposition of phytin at various pH levels. 


Mour 

pH 

Phytin decomposition 

50 % 

100 % 

Whole wheat meal . . . 

6.9 

460 min. 

Decomposition not finished 
after 1440 min. 

» tt » , , . 

6.2 

65 » 

120 min. 

» ft ft . . . 

4.7 

105 » 

210 » 

ft ft ft . . . 

4.3 

120 » 

240 i> 

Eye Flour 67 % ... 

6.0 

Under 30 » 


» » » » , . . 

6.3 

ft ft ft 


ft ft ft ft , . . 

4.0 

25 » 

66 min. 

Whole rye flour .... 

6.8 

36 » 

136 » 

ft ft ft , 

5.1 

20 » 

60 » 

» » 

4.3 

45 » 

150 » 

ft ft ft ... . 

6.8 

115 » 

— Suspension kept at 10°. 

» » » . 

6.15 

70 » 

150 min. » 

Barley 80 % flour . . . 

5.7 

200 » 

480 » 

ft ft ft ft . . . 

5.3 

120 » 

260 » 

ft ft ft ft . . . 

4.7 

130 » 

310 » 

ft ft ft ft . . . 

4.1 

190 » 

400 » 


that the phytase activity in rye is much more powerful, and when 
Pedersen finds a more complete decomposition of phytin in 
rye bread that in wheat, even whole meal bread, it is not only 
a consequence of the different baking methods, but even more 
of the nature of the floms. When in the white rye flour the phytin 
has disappeared, even faster than in the whole meal, it cannot 
be taken as a sign of greater phytase activity, but gives only 
an expression that a fair amount of phytase has to split a much 
smaller quantity of ph 3 d;in (0.077 g/100 g against 0.269 g/100 g.) 
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In. two cases, suspensions of the whole rye meal were kept at 
10° C, and here we find, as expected, that the decomposition 
is very retarded. 

As for the oat meal no phytase activity is found, in full accor- 
dance with Pedersen, and the pH level is without importance. 
Therefore, the oat meal is not included in table 4. What is of 
interest in this case, however, is the rate with which phosphorus 
goes into solution, when the acidity is varied, and the results of 
these experiments are given in table 5. 

Table 5. 


Soluhiliiy of phosphorus from oat meal at various pH levels. 


Time 

pH 6.1 

pH 

17 

pH 5.1 

pH 4.3 

: 

30 min.... 

0.057 

g/100 g 

0.104 g.’lOO g 

0.1C4 c/lOO E 

j 

0,203 g/100 g 

60 » . . . 

0,075 

» 

0.138 


0.186 

» 

0.242 » 1 

120 » . . . 

0.094 


0,104 

» 

0.230 

If 

0.203 K 

180 » ... 

0.110 


0.183 

» 

0.252 

» 

0.274 » 

240 » ... 

0,119 


0.197 

■ » 

0.269 

b 

0.290 i 

1440 » ... 

0.139 

» 

0.235 


0.307 

P 

0.318 » 


Since no phytin is decomposed, the amount of soluble phos- 
phorus evidently is determined by the solubility of the phytin 
as such. The meal had a total P content of 0.482 g/100 g, of 
which phytin P was 0.255 g/100 g. Supposed that all phytin had 
got into solution at the lowest pH, it will be seen that but very 
little of other phosphorus compounds were solved. These com- 
pounds make a much larger part of the total P in oat meal than 
in other flours, and it is striking how little of them which will 
be solved even in acid media — oats here shows a marked difference 
from other cereals. 

Since oats during war time forms a part of the usual bread 
flour, mixtures of oat meal with various quantities of whole rye 
meal were examined, all of them at pH 5.1. The components 
and mixtures were as follows: 



Rye whole 
meal 

75 % rye 

25 » oats 

50 % rj’c 

50 » oats 

25 % r3'e 

75 » oats 

Oatmeal 

Total P, 
Phytin P 


0.400 g/100 g 
0.268 » 

0.415 g'lOOg 
0.272 » 

0.447 g/100 g 
0.262 » 

0,482 g/100 g 
0.255 » 
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In the mixtures, the following rates for phytia decomposition?: 
were found: ■ 



75 % rye 

60 % rye 

,25 


25 » oats 

50 » oats 

75 » 'oats, . 

60 % decomposition. . . . 

30 min. 

50 min. 

lib inih. ■ 

100 i » .... 

80—90 » 

130 s 



Consequently, the phytase of rye is powerful enough ;tb -:de-.;;: 
compose the phytin of the oats %vithin a reasonable time, eyen'{ 
if only 25 % rye meal is added. ' 

This is of practical importance if a decomposition .is. wanted^^^ 
for instance in the feeding of pigs, and even in human JnutrF:? 
tion. 

The rate of solubility of phosphorus in suspensions of the hpmi^ 
ponents and the mixtures is given in table 6, pH for all suspensiOiili,: 
5 . 1 . 


Table 6. 


•‘“'I'vV'V-'is”;'- 


Rate of solubility of phosphorus in rye and oat meal triiotiures>.-; 'r 


Time 

min. 

Rye whole 
meal 

75 % rye 
25 i> oats 

50 % rye 
50 » oats 

26 % rye 
75 » oats 

^;,.;0atyf 

.'ineal.-'i- 

30 

0.171 

0.218 

0.208 

0.202 : 


60 


0.258 

0.248 

0.252 

pHEsnis 

120 



0.282 

0.282 


180 




0.292, 


240 


0.308 


,.0.300 ; 

ili0;268 . 

1440 



0.348 

0.334; 

1 .Q.ii 5 : 

Undissolved P . . . 

0.0 40 

0.046 

0.067 

0;ii3; 


Do. calculated for 




• . ‘-N'V 

f' 

the mixtures . . 


0.075 

0.108 

6.144 : 



The solubility decreases with increasing amounts' -bfoatfi iu'^^^ 
mixtures. The undissolved restj h'owevbr,:,is always siriallor than 
expected, if calculated from the/;pere^tag(:.s of rye^ a 
This seems to , indicate ;that :a ;paiftaofr..the\;iiifepiu^^^ 
of the oat. meal is ..brought info splutiom-by:^^^^^^^ 
by some .enzymatic .'.process; , 
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Sunmiary. 

Phyfciu liaB bftp.n determined in a number of commercial flours 
with the following results: With few exceptions, there is a very 
near relation between ash and phytin contents of the flours. The 
results indicate that the phytin contents will be reduced to nought 
in flours Axith an ash content about 0,30 g/100 g, or the lowest 
ash content practically obtainable, flours derived from the inner 
part of the wheat kernel. The total phosphorus in such flours 
averages O.OG5 g/100 g, Avhich is of the same dimension as the 
“non-phytin P” in most of the flours examined. This part of the 
total P is supposed to be bound in proteins, lipoids and in the 
amylopectin of the starch. In some Avhole meal types the non- 
phytin P is a little higher, but greater deviations indicate that 
the flour is abnormal, for instance damaged by germination. 

The ph}'thi P is accumulated in the outer layers of the grain, 
bran and germ, and it will increase both absolutely and as percent 
of the total Avith increasing degree of extraction. 

The ph}i;ase activity is far greater in rye flours than in AAheat 
and barley. No actiAuty was found in oat meal. The decomposi- 
tion is A’’ery retarded at loAA*er temperatures. In suspensions, the 
phosphorus in solution consists of inorganic phosphates from 
phytin decomposition, dissoWed phytin, and small amounts of 
phosphorus from non-phytin compounds, going sloAvly into solu- 
tion. A little rest of the total phosphorus is alAA-ays left undissolved, 
least by sour reaction. In oat meal, this insoluble phosphorus 
makes a greater part of the total than in other flours. Part of 
this is brought into solution in mixtures of rye and oat meal, 
probably due to some enzymatic process. The phytase of rye 
whole meal is so powerful that it can split the phytin of oat 
meal in suspensions completely in a short time, even if the rye 
makes but 25 % of the flour mixture. 

Achnuichdgemcnt. The author is indebted to J. L. Nerliens 
fond for economical support to the performance of the work. 
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Modern contraction theories are mainly based on the investi- 
gation of minute structural properties of myosin and skeletal 
muscle. Birefringence, X-ray patterns and tbermo-elastic proper- 
ties permit the conclusion that anisodiametric protein chains are 
the contractile elements (AsramiT 1939, Meyer and Picken 
1937, Meralt and Edsall 1930, Weber 1934:), while the analysis 
of their mechanical properties indicates the presence of angular 
movements in these minute structural elements (Buchthal 194:2). 
Our knowledge concerning the transfer of energy from the chemical 
processes involved in contraction to the contractile elements is 
rather hypothetical. 

A promising attempt to fill this apparently irremediable gap was 
made by Engelhardt and Ljubimova (1939), who found that 
myosin is an essential Huh in the enzymatic breakdown of adeno- 
sine triphosphate and acts as an adenosine triphosphatase. This 
interaction is attended by reversible changes in the viscosity and 
flow birefringence of myosin solutions (Needham et al. 194:1, 
1942). It is tempting to correlate these observations with the 
contraction process in the intact muscle fibre, which is likewise 
accompanied by changes in birefringence. The interdependence of 

' A preliminaiy account of this •work "was sent for publication to ‘ Natnre on 
March 20th, 1944. 

® Working with a grant from the Rockefeller Foundation. 
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ohanges in birefringence and contraction is, however, not absolute, 
as reversible changes in birefringence are brought about, in the 
-absence of contraction in the isolated excitable muscle fibre, 
by variation of the hydrogen ion concentration or the salt content 
in the surrounding medium (Buchthal and Knappeis 1938). 

In the present investigation it was, therefore, intended to study- 
how far the results of model experiments, especially those concern- 
ing birefringence, are related to the physiological processes and 
properties of the living muscle fibre. Furthermore, the striking 
effect of adenosine triphosphate as a chemical stimulus, which was 
observed in the course of this investigation, was made the object 
of further analysis. 

Method. 


The experiments were performed on small muscle bundles (10 — 20 
fibres) and isolated fibres of m. semitendinosus (Rana esculenta and 
Bana temporaria). During the preparation ‘and the experiments the 
fibre was kept in a Ringer solution containing 6.7 g NaCl, 0.2 g KCl, 
0.14 g anhydrous CaCl2, 0.2 g glucose per litre and a suitable amount 
of gum arable buffered with NaHCOg to pH 7.3. Constant pH and oxy- 
gen content were obtained by passing a gas mixture of 1 per cent CO3 
and 99 per cent O2 through the solution. Its temperature was 12 — 15“ C. 

For microscopic observation the isolated fibre or the muscle bundle 
was placed on a slide and the tendon ends fixed by means of two movable 
metal clamps. A celluloid frame 0.5 mm thick was fastened upon the 
slide and could be closed with a cover glass to prevent drying out of the- 
preparation after application of the different substances. The effect of 
the chemical stimuli was investigated partly by applying them with 
a fine pipette to the fibre bundle (amounts of liquid 0.03 ml), partly 
by application to the isolated fibre by means of a micro-pipette in 
connection with a micro-manipulator (amoimts of liquid 4z — 7 x 10® 
(Buchthal and Lindhard 1942). Although the nerve ending in frog 
muscle is spread over a large area of the fibre, end plate-free regions 
could be investigated. Furthermore, in aU cases the chemical stimuli 
were administered to curarised and non-curarised fibres; complete 
curarisation was ensured by previously controlling the disappearance 
of indirect excitability. 

Excitability was controlled by single current pulses or tetanic 
stimuli of short duration from a Harvard coil or a condenser arrangement 


applied over the metal clamps to the tendon ends of the fibre. 

Mechanical tension was registered by means of a condenser-myo- 
graph previously described (Buchthal et al. 1944). Action potentials 
were led off by Ag-AgCl electrodes and recorded by a cathode ray 
oscillograph with suitable A.C. amplification. For the determination 

of birefringence i^\ a polarization microscope was used, as describedin 
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detail in a former paper (Buchthax and Knappeis 1938). The phase 
difference (F) was measured -withi a Babinet compensator and the fibre 
thickness (d) by means of an eye-piece micrometer -n-ith movable cob- 
•web. "Wliite light with a maximum at 550 m// was used. Experiments 
were performed on isolated fibres with different degrees of stretch; 
the latter was determined by measuring the height of compartment 
(anisotropic (A) plus isotropic (I) substance) on microphotographs. 
Eurthermore, in a series of experiments the lengths of A and I were 
microphoto^aphically determined 0.5 — 10 minutes after application 
of the chemical stimulus. The microphotographs were measured on the 
negative under the microscope, the total magnification amounting to 
1000 X . 

Preparation of Substances.^ 

1. Adenosine triphosphate [ATP). 

The ATP was prepared as the Ba salt by the method described 
by D. M. Needham (1942) and purified several times over the Hg and 
Ba salts. The pyrophosphate P (7' P) was determined by hydrolysing 
at 100° C for 7 min. in n. HCl. All phosphate estimations were carried 
out according to the method of Eiske and Subbarow (1925) in the 
modification of Scheel (1936). The analysis of a typical specimen gave: 
total P, 10.4%; 7' P, 6.9%; N, 7.0%; calc, for CioHuOisNsPjBaj, 
6H5O: total P, 10.5 %; 7' P, 7.0 %; N, 7.9 %. The purity of the sub- 
stances thus prepared was at least 98 — 99 %. 

A solution of the free acid was prepared by converting the analysed 
Ba salt into the Hg salt, washing the latter several times with O.2 n. 
HNO3, then with distilled water until neutral to litmus after which the 
Hg was precipitated with H.S from the water suspension of the Hg salt. 
By titrating the solution -with n. NaOH to ph 7.3 a solution of the Na 
salt was obtained. Na ATP solutions containing 16 — 50 mg ATP (calc, 
as free acid) were used as staple solutions. The analysis of a typical 
specimen gave total P, 4.54 mg/ml, 7' P 2.98 mg/ml; N, 0.34% cor- 
responding to a content of 24." mg ATP/ml (calc, as free acid.). Control 
analyses showed that such solutions were stable at 15° C for several 
weeks. 

An iso-osmotic ATP-Ringer solution was prepared by replacing part 
of the^ NaCl water by an equivalent amount of the staple Na ATP 
solution. The solutions of the other compounds tested were likewise 
applied in constant ionic strength by substituting a suitable amount 
of NaCl in the Ringer. 

. In control experiments cozymase was tested as a possible impurity 
in our ATP preparations. The cozymase which was kindly put at our 
disposal by Prof. J. Runnstrom, had a purity of 60 %. 

2. Adenosine diphosphate (ADP). 

The substance was prepared in the form of the Ba salt according to 
Bailey (1942) from pure Ba ATP. Analysis gave: Total P, 8.9; 7 Ps 
4.4; calc, for CaoHijOioNjPsBai.s, 4H,0; total P, 8.s %; 7' P, 4.4. 

^ I. and A. Mukoh Peteesen assisted in the preparation and the analysis 
of the substances used. 

18 — i43582. Acta phr/s, Scandinav. Vol.8. 
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The staple solution of Na ADP, prepared over the Hg salt as described 
above under ATP (pH 7.3), gave the following analysis: total P, I.53 
mg/ml; 7' P; 0.7 7 mg/ml; corresponding to an ADP content of 10.6 mg/ml 
(calc, as free acid). 

It seemed of interest to compare the action of ATP with that of its 
probable primary breakdown products, i. e. an equimolar mixture of 
ADP + iuorganic orthophosphate. The solution used contained 10.5 
mg/ml ADP (calc, as free acid) -f 4.4 mg NajHPOd, 2H2O, (pH = 7.3) 

3. Adenylic acid was prepared from the pure Ba ATP according to 
Kerr (1941) M. P. 189° C (decomp.). The analysis gave; P, 8.9 %; 
N, 20.2 %; calc, for C10H14NSO7P; P, 8.9; N, 20.2. The staple solution 
(brought to pH 7.3 with NaOH) contamed 8.e mg adenylic acid/ml. 

Adenylic acid was further tested in the form of an equimolar mixture 
with inorganic pyrophosphate. The staple solution prepared from 
adenylic acid and Na^PjO,, IOH2O and adjusted to ph 7.3 by addition 
of n. HCl contamed 3.9 mg adenylic acid + 1.9 mg pyrophosphate 
(calc, as HiPaO^l/ml. 

4. Sodium triphosphate (NubPsOjo, SHaO). 

The substance used contained c. 85 % NajPaOio. SHjO and 12 % 
sodium orthophosphate. The staple solution was adjusted with n. HCl 
to pH 7.3 and was sufficiently stable at this pH for our purposes (cf. 
Huber 1936). 

5. Sodium pyrophosphate Na^PaOj, lOHaO (pro analysi, Merck), 
solution adjusted to pH 7.3 with n. HCl. 

6. Sodium orthophosphate NagHPOi, 2H20 (Sorensen), solution 
adjusted to pH 7.3 with n. HCl. 

Besults. 

1. Effect of adenosine triphosphate {ATP). 

When an iso-osmotic solution of Binger Na ATP is added to 
a muscle bundle containing ATP in amoimts of 0.05 — 0.1 mg 
(3.6 — 7.3 X 10“® mol/ml) a short, rapid tetanus-like contraction 
is initiated, which is followed after a short time by recurrent single 
twitches continuing for 1 — 2 minutes. Washing with Binger solu- 
tion stops this activity which reappears after a fresh application 
of the chemical stimulus. This procedure can be repeated 4 — 5 
times on the same preparation. The recurrent activity has a fre- 
quency of 1 — 2 contractions per sec. It is asynchronous in the 
individual fibres of the bundle and the time elapsing between 
the application of the chemical stimulus and the start of the 
propagated mechanical response varies considerably in different 
fibres probably owing to differences in the permeation of the 
substance. When threshold amounts c. 0.02 mg (1.2 x 10“® mol/ml) 
are applied, no recurrent activity occurs, the fibre only reacting 
with a short tetanus-like contraction. The effect of ATP is identical 
in the curarised and non-curarised preparations. 



RELEASE OF CONTRACTION AND CHAN&BS IN BIREFRINGENCE. 275 



Fig. 1. Mechanical response of a small muscle bundle after application of 0.1 mg 
adenosine triphosphate (7.3 X 10“^ mol/ml). 

The mechanical response of a small muscle bundle recorded 
•with a condenser-myograph after application of ATP amounts to 
about 5 — 15 per cent of the tension initiated by a single electric 
stimulus, when all fibres act sjmchronously (Pig. 1). The effect 
of electric stimulation be- 
fore and after application 
of the chemical stimulus 
is essentially different 
(Fig. 2). The mechanical 
response lasts consider- 
ably longer when the fibre 
has previously been treat- 
ed "with ATP, an effect 
which is probably due to 
the release of recurrent 
acti-vity of some fibres in 
the bundle by the electric 
stimulus. Apparently ATP 
provides a tendency to rhythmic acti'vity, and a fibre previously 
treated “with ATP responds with more than one reaction when a 
single electric stimulus is applied. 

The repetitive actmiy is furthermore evident from action 
potentials recorded after application of the chemical stimulus. 
Pig. 3 shows action potentials from bundles "with few fibres only 
after treatment "with 0-06 mg (a) and from another bundle after 
application of 0.1 mg ATP (bi-s). The first large deflection is due 
to the electric charge of the added drops and is like'wise present 
in the control experiment (b^) after addition of Ringer solution. 



P 


T~ri 


cssm 


Fig. 2. 

a. Mechanical responae of a muscle bundle 
follo'wing a single electric stimulus hejore ap- 
plication of adenosine triphosphate, 

b. after application of 0.1 mg adenosine tri- 
phosphate (7.3 X 10“® mol/ml). 
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Fig. 3. 

a. Action potentials from a muscle bundle (c. 10 fibres) after application of 
0.O5 mg adenosine triphosphate (3.G X 10“® mol/ml). 

bi. action potentials from a muscle bundle (c. 5 fibres) after application of 0.1 
mg adenosine triphosphate (7.3 X 10“® mol/ml). 

bj. 3 sec after application to (bi). 

bj. 18 sec after application to (bj). Total duration of activity c. 37 sec. 
b^. control •with application of a ^op of Binger solution, 
c. calibration 0.1 mV, frequency (time marks) 10 cycles per sec. 


In order to determine the smallest amount of ATP producing 
a mechanical reaction the substance is applied to isolated curarised 
and non-curarised fibres by means of a micro-pipette with an 
opening of c. 20 fi diameter. The threshold dose of adenosine tri- 
phosphate dtrectly applied to the fibre is 1.3 — 1.7 x and 

produces a local contraction. On account of the time necessary for 
permeation the effective quantity reaching the fibre substance is 
probably much less. Propagated responses with subsequent repe- 
titive activity are released by approximately a double amount of 
the substance. No differences are found between the threshold of 
the non-curarised and the curarised fibres for the chemical sti- 
mulus, while the electrical excitability reveals the well known diffe- 
rences. 

Birefringence decreases by about 20 — 30 per cent during tetanic 
contraction of a single fibre (Buchthal and Knappeis 1938), 
After a number of contractions a reversible decrease of birefring- 
ence occurs, the degree of which depends upon the number of 
contractions performed. After application of ATP birefringence 
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likewise decreases and attains its minimum about 2 minutes later 
than after electric stimulation. The subsequent increase cor- 
responds closely to that after electric stimulation and is com- 
pletely reversible. In Fig. 4 a comparison is given between tbe 
course of birefringence after 5 sec of electric stimulation and after 
tbe application of 0.37 mg ATP (3.6 x 10*^ mol/ml). In both cases 
tbe fall in birefringence amounts to approximately 20 per cent and 
tbe following spontaneous increase has a linear course. 

In a fibre wbicb. is poisoned with mono-iodoacetic acid and sti- 
mulated to complete fatigue, birefringence does not decrease 
(Bvcrteal and Knappeis 1938). It likewise remains constant 
in tbe poisoned fibre after an electrically induced tetanic con- 
traction of 5 sec duration, wbicb otherwise causes a fall of about 
20 per cent. Tbe curves in Fig. 5 show tbe effect of ATP on fibres 



Fig, 4. Phase difference (-0 ns a func- 
tion of time after tetanic electrical 
Etimiilation of 5 sec (x — X — X) and 
after application of 3.6 X 10"® mol/ml 
adenosine triphosphate (• — • — •). 

Ordinate: /Tin per cent. 

Abscissa: time in minutes. 


Kg. 5. Phase difference (F)’ in a nor- 
mal fibre {lower curve) and in a fibre 
poisoned withiodoacetic acid (1 : 10,000) 
after application of 7.3 X 107® mol/ml 
adenosine triphosphate (upper curve). 

Ordinate: F'in per cent. 

Abscissa: time in minutes. 


of tbe same muscle witb and without previous application of 
iodoacetate (1 : 10 000). After poisoning, tbe effect of ATP on 
birefringence, like that of electrical stimulation, is abolished. 

Repeated controls ensure that tbe fibre thickness is constant 
throughout tbe experiment and imaltered by ATP or tbe other 
substances applied in an iso-osmotic state in this investigation. 
Changes in birefringence, therefore, are characterised by tbe varia- 
■fions in phase difference (jT) in per cent of its original value. 

Witb increasing coneentraiion of ATP, botb tbe fall in birefring- 
ence and its period of recovery increase (Fig. 6). Tbe minimum 
in phase difference occurs, however, independent of tbe concen- 
tration approximately 2 minutes after application of the chemical 
stimulus. Tbe threshold concenfration causing a decrease of 6 rlO 
per cent in phase difference is 1.4 — 1.8 x 10~® mol/ml. 
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In order to investigate wlietlier tie persisting change in bire- 
fringence is caused by tie occurrence of a contracture-like con- 
traction or is due to after-effects vriici are independent of tie 

meoianical response 
and tie changes in 
cross striation accom- 
panying tie latter, 
micro-photographs of 
tie fibre were taken 
in a number of experi- 
ments from 26 sec to 
10 min after applica- 
tion of ATP. A con- 
traction, both a twitch 
or a persisting me- 
chanical response, is 
accompanied by con- 
siderable changes in 
tie proportion be- 
tween tie lengths of tie anisotropic (A) and isotropic (I) sub- 

, A 

stances. At tie maximum of contraction tie ratio ^ has 

fallen from 0.62 to 0,63. Wien tie first micro-piotograpi is taken 
26 sec after application of tie chemical stimulus, changes in cross 
striation are already restored in spite of the continuously decreas- 
ing phase difference. Tie changes in birefringence following appli- 
cation of ATP, therefore, are not due to a contracture-like con- 
dition of tie muscle fibre, but are the expression of restiiutioncd 
processes in muscle proteins. (Fig. 7.) 

Application of ATP to electrically unexdtable fibres results 
in changes in birefringence similar to those occurring in tie 
excitable fibre, though no contraction is released by tie addi- 
tion of tie chemical stimulus. These observations likewise 
indicate tie independence of changes in bire&ingence and 
contraction. 

Apart from tie concentration of tie chemical stimulus, tie 
variation in birefringence depends on tie degree of stretch of the 
muscle fibre. Tie fall in phase difference has a maximum at 
equilibrium length (length 100, c. 36 per cent) and decreases 
linearly with increasing elongation. At length 175 birefringence 
only decreases by c. 18 per cent. Tie curve in Fig. 8 is interpolated 



Fig. 6. Application of different concentrationfl of 
adenosine triphosphate to the isolated muscle fibre. 

Curve 3: 4.9 X 10”® mol/ml. 

Curve 2: 3.6 X 10"® mol/ml. 

Curve 1: 2.5 X 10"® mol/ml. 

Ordinate: F in per cent. 

Abscissa: time in minutes. 
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mol/ml. The substance is without effect both on the mechanical 
response and on the birefringence. 

10. Adenosine diphosphate (ADP). 

Application of ADP in concentrations of 0.04 — 0.1 mg (2.9 — 
8.7 X 10"^ mol/ml) to a small bundle like that of adenosine tri- 
phosphate results in the release of a short, tetanus-like contraction 
with subsequent twitch-like repetitive activity. The threshold 
dose with micro-application to the isolated fibre is 2 — ^2.5 x 10~“ 
/tg and produces a local response. Propagated contractions and 
recurrent activity are released by considerably higher amounts 
(5 — 10 times the threshold value). The threshold amounts and the 
durations of activity are the same in the curarised and non-cura- 
rised fibres. The birefringence shows a fall and recovery period 
after application of ADP similar to that described for ATP (Pig. 9). 



■ , : . I 1 , I 

• o s *o 20 zs 30 mtn 

Rg. 9. Phase-difference (P) as a function of time after application of 7.3 X 10“® 
mol/ml adenosine diphosphate (• — • — •), 8.7 4* 8.7 X 10“® mol adenosine 
disphosphate plus orthophosphate (O — O — O). 

Ordinate: r in per cent. 

Abscissa: time in minutes. 

3. Adenosine diphosphate plus orthophosphate likewise initiates 
contraction, the threshold amount when applied to a small muscle 
bundle being 0.07 -f- 0.03 mg (5.2 -f- 5.2 X 10~® mol/ml). When 
administered to the isolated fibre local responses are released by 
c. 2.0 -f- 0.85 X 10”® jug. It is rather striking that the decrease in 
birefringence is always considerably less (c. 10 per cent) than that 
produced by corresponding molar amounts of ATP or ADP (Pig. 
9). No differences are found between the reactions of curarised or 
non-curarised fibres. 

4. Adenylic acid in molar concentrations that correspond 
to highly effective doses of ATP neither release contraction nor 
affect birefringence (Pig. 10). 

5. Adenylic add plus pyrophosphate release a mechanical 
response of the same type as that initiated by ADP. Threshold 
amounts, when applied to a small muscle bundle, are 0.075 -f 
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0.035 mg (7.2 + 7.2 X 10~” mol/ml), a molar concentration •wHcli 
corresponds to that examined in the case of ATP. Birefringence 
decreases by 20 — 30 per cent and, in contrast to the effects of ATP 
and ADP, already reaches minimum values after 1 minute (Fig. 10). 
The subsequent rise to the original values takes 15 — 20 minutes. 

Apart from these organic phosphates the following related 
inorganic 'phosphorous compounds were tested: 



Fig. 10. Phase difference ns a ftmc' 
tion of time after application of adenylic 
acid (7.2 X 10^mol/ml)(x — X — X), 
inorganic pyrophosphate 2.7 X 10~* 
mol/ml (O — 0—0) and adenylic acid 
plus pyrophosphate 7.2 + 7.2 X 10~6 
mol/ml (• — • — #). The concentra- 
tion of pyrophosphate is equal to that 
of the preceding curve. 

Ordinate.' P in per cent. 

Abscissa; time in minutes. 
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Fig. 11. Phase difference (F) ns a func- 
tion of time after application of 
6.1 X 10"® mol/ml sodium triphosphate 
Effect of 7.3 X 10"« 
mol/ml adenosine triphosphate after 
previous treatment with 6.1 X 10"® 
mol/ml sodium triphosphate 
(X— X— X). 

Ordinate: P in per cent. 

Abscissa: time in minutes. 


Sodium tri-polyphosphate initiates mechanical responses in 
curarised and non-curarised fibre bundles. The threshold amounts 
are approximately 0.07 mg (5 X 10”® mol/ml). Slightly higher 
concentrations (0.09 mg — 6.1 X 10”® mol/ml) release long-lasting, 
repetitive twitch-like activity which is asynchronous in the diffe- 
rent fibres of the bundle. Micro-application to the isolated fibre 
has a threshold of 2.0 x 10”^ yg and produces local contractions. 
With concentrations acting as highly effective chemical stimuli 
to the fibre the fall in birefringence is either absent or slight (Fig. 
11). When ATP is added to the fibre after previous treatment with 
inorganic triphosphate its effect on birefringence is considerably 
reduced, while otherwise repeated application of ATP causes equal 
decreases in F. 

Sodium pyrophosphate when applied to a curarised or non- 
curarised muscle bundle causes persistent contracture-lihe res- 
ponses in threshold amounts of 0.2 mg (14.8 X 10”® mol/ml). 
Kecurrent, twitch-like activity does not occur even if the sub- 
stance is applied in higher concentrations. The threshold for 
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Kg. 12. Phase difference (P) after application of 4.9 X 10~® mol/ml (O — O — O) 
and 9.9 X 10~® mol/ml (x — X — x) sodium pyrophosphate. 

Ordinate: Pin per cent. 

Abscissa: time in minutes. 


micro-application is c. 4.8 x 10“® fig and there also the local 
mechanical response has a considerably longer duration than after 
addition of sodium triphosphate. 

The threshold amount producing a fall in birefringence is lower 
(<0.46 X 10“® mol/ml) than the lowest concentrations stimulating 
the fibre (4.8 X 10“® mol/ml). Threshold concentrations for the 
mechanical response cause irreversible changes in birefringence 
(Fig. 12). The highest concentration at which the phase difference 
still returns to its original value is (4.9 x lO"^ mol/ml). As is the 
case with adenylic acid plus pyrophosphate, the fall in birefringence 
reaches its maximum after 1 minute when pyrophosphate is applied 
(Fig. 13). The different rates in the decrease of F are probably due 
to the differences in the permeation of the substances applied. 




Kg. 13. Initial course of phase dif- 
ference {P) after application of 
7.4 X 10"® mol/ml sodium pyrophos- 
phate (# — • — •) and 7.3*10"® 
mol/ml adenosine triphosphate 
(X— X— X). 

Ordinate: J^in per cent. 

Abscissa: time in minutes. 
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Kg. 14. Phase difference after applica- 

tion of 12.5 X 10~® mol/ml (X — X — X) 
and 24.5 X 10"® mol/ml (•—•—•) 
sodium orthophosphate. 


Ordinate: P in per cent. 
Abscissa: time in minutes. 
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Inorganic sodium orthophosphate acts rather inconstantly as a 
chemical stimulus to curarised and uon-curarised fibres. The 
threshold dose varies and even amounts of 0.13 mg release a me- 
chanical contracture-like response only in 8 of 19 preparations. 
Once treated, the fibre is insensitive to a further dose of ortho- 
phosphate, even when it is washed with Einger solution. The bire- 
fringence remains unchanged by inorganic orthophosphate in 
amoimts of (12.4 — 24.7 x 10~® mol/ml). It may be mentioned 
that orthophosphate shows an inhibitory effect on subsequent doses 
of ATP. 


Discussion. 

Two mutually independent observations are the main result 
of this investigation: viz. the effects of adenosine triphosphate, 
adenosine diphosphate and inorganic triphosphate in the curarised 
and non-curarised fibres as chemical stimuli initiating twitch-like 
and short tetanus-like contractions, and the long-lasting and re- 
versible changes in birefringence caused by some of these phosphor- 
ous compounds. Both findings establish that ATP permeates the 
"membrane'’ of the muscle fibre, a fact which is apparently in 
disagreement with the statements of Boyle and Conway (1941). 

Although muscle can be induced to contract by the application 
of almost any agent which, if applied in a more intense form, 
would injure or destroy it, the pol 3 ;q)hosphates investigated have 
a specific effect since they act in extremely small doses. It seems 
therefore justified to reckon with their physiological importance. 
E.xperiments by Engelhardt and Liubimova (1939), Needham 
et al. (1941, 1942), and Szent Gyorgyi ctal. (1941, 1942) indicate 
a close connection between ATP and the protein molecule, although 
it must be born in mind that these observations do not prove that 
the breakdown of ATP is directly associated with contraction 
in the limng muscle fibre. However, the correlation between 
myosin and ATP on the one hand, and the extreme sensitivity 
of muscle substance to ATP on the other, support the suggestion 
made by Needham on the basis of the mentioned model experi- 
ments that ATP is the normal agent of contraction. The effect of 
a stimulus would then be to establish contact between the enzyme 
(myosin) and the energy-supplying substrate (ATP). Addition of 
ATP would thus correspond to the establishment of the contrac- 
tion which is otherwise brought about by the impulse from the 
motor end plate. If this view is correct, ATP normally present in 
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resting muscle cannot be directly in contact ■with tbe contractile 
micellae, and we must either suppose differences in local distribu- 
tion as Caspersson and Thorell^’s (1942) finding may indicate 
or tbe presence of a non-reactive compound. 

The other observation is the change in birefringence brought 
about by the above substances. 

It must be pointed out, however, that the changes in birefrin- 
gence registered in this investigation are persistent after-effects 
and reach their maximum a considerable time after the mechanical 
response has come to an end, i. e. they are restitution phenomena. 
Like Needham et al. for the flow birefringence of myosin, we find 
that birefringence of muscle is hardly affected by inorganic tri- 
phosphate. Needham et al. conclude that the purine-ribose end of 
the ATP molecule should be of great importance in changing the 
shape of the protein molecule. The stimulating effect shown by 
triphosphate in spite of the unchanged birefriugence indicates that 
the changes in the protein molecules expressed in birefringence 
may be other than those accompanying contraction. The mutual 
independence of molecular changes manifested in birefringence 
and those due to contraction is furthermore emphasised by the 
fact that the action of ATP on birefringence is abolished when the 
fibre is treated with iodoacetate, in spite of retained excitability 
by ATP and other stimuli. 

The changes in muscle protein represented by changes in bire- 
fringence and those associated with the release of contraction are 
both initiated by ATP. 

Thus, the enzymatic breakdown of ATP, the chemical reaction 
nearest in time to the contraction proper, but still considered to 
belong to restitution processes, probably occurs even at the 
primary physical stage of contraction. 

There is evidence of a different kind that the minute structural 
.elements in muscle are the site of potential energy, the chemical 
processes involved in muscular activity serving to recharge the 
system discharged during contraction (Buchthad and Lindhard 
1939). It is tempting to assume that ATP is the agent that trans- 
fers the chemical energy generated in muscle to its contractile 
elements both in the discharge and the recharge of the muscle 
machine. This would mean that ATP, apart from the energy-rich 
phosphate bond (Lipmann 1941), possesses a specific molecular 
structure adapted to direct interaction with the contractile ele- 
ments. 
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The results obtained with ADP and ADP -f orthophosphate on 
the one hand and inorganic triphosphate on the other imply that 
both the triphosphate and the nucleotide part of the ATP molecule 
are in themselves energetically and structurally sufficient to 
release contraction, but only the nucleotide part seems adapted 
to be recharged for the transfer of energy from other energy sup- 
plying processes. Taking the changes in birefringence as an expres- 
sion of restitution, i. e. protein recharge, leads to the conclusion 
that iodoacetate inhibits one or several processes essential in 
this restitution. The assumption of ATP as an agent of contrac- 
tion and energy recharge agrees well with the establishment 
of myosin as an adenosine triphosphatase. 


Summary. 

1. Ulicro-application of adenosine triphosphate (a 99 per cent 
preparation) in iso-osmotic Ringer solution releases in threshold 
amounts of 1 — 2 X 10~^ {ig a brief tetanus-like activity in non- 
curarised and curarised isolated striated muscle fibres. 

2. A mechanical response following electric stimulation lasts 
considerably longer when a small fibre bundle has previously 
been treated with adenosine triphosphate than it does before 
application of the substance. 

3. Application of adenosine triphosphate causes a reversible 
fall in birefringence. This decrease is abolished by poisoning with 
iodoacetate. 

4. The fall in birefringence amounts to 10 — 30 per cent, increa- 
sing with increasing concentration of adenosine triphosphate, and 
decreases with increasing stretch of the fibre. 

5. While the initial fall in birefringence following electrical 
stimulation occurs more rapidly than after application of adeno- 
sine triphosphate, the time of restitution is 10 — ^20 min, being 
identical in both cases. The fibre has regained its resting condition, 
when birefringence reaches its minimum, and the protracted 
return is regarded as an expression of restitutional processes in 
muscle proteins. 

6. Adenosine diphosphate and adenosine diphosphate + ortho- 
phosphate act like adenosine triphosphate both as regards ini- 
tiation of contraction and effect on birefringence. In the case 
of adenosine diphosphate -f- orthophosphate the decrease in hire- 
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fringence is, however, essentially less than after application of 
adenosine triphosphate and adenosine diphosphate. 

7. Adenylic acid has no effect on birefringence or contraction. 
Adenylic acid + pyrophosphate release contraction and cause a 
decrease of birefringence which reaches its minimum more rapidly 
than after application of adenosine diphosphate. 

8. Inorganic sodium triphosphate releases contraction, while 
its influence on birefringence is absent or slight. 

9. Sodium pyrophosphate causes contracture-like mechanical 
responses. Threshold amounts for the release of contraction are 
accompanied by irreversible changes in birefringence. 

10. Sodium orthophosphate has no influence on birefringence 
and acts, even in large concentrations inconstantly as a chemical 
stimulus; the response, if present, is protracted. Birefringence 
remains unchanged. 

11. The energy-rich phosphate bond in the form of adenosme- 
triphosphate is not only the imniediate source of energy recharge, 
but also the agent for the release of contraction. 

The present work has been supported by grants from the Nobel 
Foundation and the Nordisk Insulin Foundation. 
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A Method of DriTing the JSrodie-Pahiier Time- 
Marhing Clock from the A. C. Mains. 

By 

A. G. HILDING BJDRSTEDT. 

Received 31 August 1944, 


The Brodie-Palmer time-marking clock, so generally used in 
physiological laboratories, ordinarily requires frequent recharging 
of the i-volt storage battery supply. To maintain the pendulum 
svdng and to work the recording signal impulses of a current are 
needed, too strong to be drawn from the D. C. mains by appro- 
priate resistors in series with the electromagnetic coils. Each 
time the circuits are broken arcs ensue, soon resulting in de- 
stroyed contacts. The inconvenience of battery supply may, how- 
ever, be removed by operating the pendulum and signal on 
alternating current. Thus, the A. C. mains can be used as power 
supply without altering the set wiring. 

A small transformer is needed, by which the line voltage is 
lowered to 25 volts. When using only one signal the maximum 
current required from the secondary is 3 amperes. The secon- 
dary is connected to the terminals marked »Battery». In series 
with the signal, which is connected to the »Signal)) terminals, 
a resistor of 5 to 10 ohms is inserted to reduce the voltage fall 
in the signal coils to about 6 volts. The intermittent magneti- 
zation of the pendulum and signal coils has no practical drawback. 

Additional signals may be connected to the »Signal)> terminals 
by using a transformer with a secondary current permitting an 
increased load of 2 extra amperes per additional signal and by 
inserting a resistor in series with each signal. 

The A. 0. powered set has proved very convenient and stable 
in operation. The average power consumption amounts to about 
6 watts. 
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Histainine as a Physiological Excitant of 
Acid Gastric Secretion. 

By 

NILS EMMELIN and G. S. 3CAHLSON. 

Eeceived 6 July 1944. 


Two conceptions as to the role of histamine in gastric secre- 
tion have been put forward. The fact that histamine is the sole 
gastric secretory excitant in dilute acid extracts of the pyloric 
mucosa was taken to indicate that histamine might be identical 
with “gastrin”, the hormone instrumental in the gastric phase 
of secretion. As stressed by Sacks et al. (1932) the crucial question 
to be answered in this connection is whether the histamine con- 
centration of the blood plasma rises during the gastric phase. 
SIacIntosh (1938), using the method of Babsoum and Gaddxjm, 
found that the histamine concentration of the systemic blood 
was not significantly affected by the digestion of a meal. As 
discussed by Macintosh, there may have occurred in his experi- 
ments an increase in the histamine content of the plasma, which 
could not be detected in experiments with whole blood, and which 
gives values representing mainly the histamine content of the cor- 
puscles. Experiments during the gastric phase with plasma, which 
normally contains very small amounts of histamine as compared 
with the corpuscles, have not been published, as far as we know. 
The questions in regard to the role of histamine as a blood-born 
agent active in the gastric phase have lost much of their bearing 
by the recent work of Komabov (19il) and Uvnas et al. (Munch- 
Peteesen, Eonnow and Uvnas 1944); these authors have isolated 
from the pyloric mucosa a protein-like substance free from hista- 
mine which on intravenous injection causes a profound secretion 
from the fundic glands. 

19 — ^3582. Acta pJii/s. Scandhiav. Vol. 8. 



290 


NILS EMMELIN AND G. S, KAHLSON. 


Babkin and Macintosh suggested that histamine might play 
a part in the cephalic phase of gastric secretion by serving as 
a chemical mediator of vagal impulses to the parietal cells. This 
hypothesis is supported by the facts that in the dog the fundic 
mucosa contains more histamine than the pyloric (Gavin et al. > 
1933) and that the gastric juice, according to some workers 
(Brown and Sahth 1935; Komarov 1936), contains a histamine- 
like substance, which is denied by Bloch and Kecheles (1938). 
SIacIntosh (1938) put this hypothesis to the test. In experiments 
on dogs he showed that the histamine content of gastric juice 
collected during the cephalic phase was higher than in blood 
plasma. MacIntosh discusses the possibility that during the 
cephalic phase histamine is liberated within or near to the parietal 
cells as a result of stimulation of the vagus, thus “acting in the 
first phase of gastric secretion as a local hormone, rather than in 
the second phase as a true hormone”. 

It was shown in this laboratory that the vagi control parietal 
secretion by the mediation of a histamine-free pyloric agent 
which is liberated by vagal impulses and carried by the blood 
stream to the parietal cells (Uvnas 1942). We have investigated 
whether this pyloric agent, which is probably identical with 
the hormone engaged in the gastric phase, liberates histamine 
from the stores in the fundic mucosa. In the course of these experi- 
ments we have studied the liberation of histamine during gastric 
secretion induced by many different modes of stimuli. It is assu- 
med that if histamine is liberated within the mucosa, this sub- 
stance partly enters the parietal cells, emerges in the gastric 
juice and partly escapes into the blood stream. Our experiments 
with blood plasma are stiU proceeding, while the results with 
gastric juice are presented here. — Since many of our experiments 
were performed on cats, we have incidentally supplemented the 
work of Gavin, McHenry and Wilson (1933) by determiniog 
the histamine content of the cat’s gastric mucous membrane. 


A. Methods of Assay and Identification of Histamine. 

Fundic and pyloric mucous membrane was obtained from cats 
killed by bleeding whose blood was used for other purposes. The dogs, 
before (^secting the mucous membrane, were used for experiments 
on reactive hyperaemia, and were killed by air embolism. The mucous 
tissue was minced by scissors, ground with sand in a mortar, and 
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extracted by Code’s (1937) modification of the Babsodm-Gaddom 
method (1935) as used in this laboratory (Emmelin et al. 1941). The 
blood plasma was also treated by these methods. The gastric juice was 
filtered, neutralized, and tested as described below. In some instances 
the gastric juice, previous to the biological assaj^ was extracted by 
Code’s method. All figures obtained with extracted material are given 
in brackets. 

The assay was performed by these methods: 

a) The guiuea-pig’s ileum, suspended in Tyrode’s solution contain- 
ing atropine sulphate 1 : 200,000; this was used as a routine 
method. 

b) The blood pressure of the cat anaesthetized by chloralose. 

c) The smooth muscles of the guinea-pig’s and cat’s bronchi which 
constrict when histamine is injected intravenously (Emmelin et 
al. 1941). 

d) The motor effect on the cats small intestine as indicated by a 
balloon introduced in the gut. 

e) The stimulating effect on the cat’s acid gastric secretion. 

"When using the last three methods the gastric juice was concen- 
trated. This was not necessary in the more sensitive methods a) and b). 

All figures in this paper are calculated in terms of histamine base. 

Since none of these five methods is specific for histamine, the sub- 
stance assayed was identified by the following means and considera- 
tions; 

1) The agent, in this paper referred to as histamine, was inactivated 
by incubation with histaminase. We used a very active and highly 
purified specimen of liistaminase prepared by Swedin (1943). 

2) The histamine-like actimty on the gut disappeared after treatment 
with thymoxyethyldicthylamine^ (Bovet and Staub 1937, Stahb 
1939, RoSENTitAL and Minabd 1939) or thcophyllinmonoethanola- 
mine* ("Thcamine”), on the bronchi and on the cat’s blood pressure 
after injection of this latter substance (Emmelin et al. 1941). 

3) Assays obtained by different biological methods show a reasonable 
quantitative agreement. 


JR. The Histamine Content of the Gastric Mneosa. 

Table 1 gives the histamine content of the fundic as compared 
with the pyloric mucosa in three cats and four dogs. The tests 
were performed on the guinea-pig’s gut and bronchi. 

* For the supply of these substances our thanks are duo to Dr. A. Deotsch, 
head of the Chemical Laboratory of “Leo“, Ltd, Hiilsingborg, who synthetised 
them for us. 
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Table 1. 

Histamine content of gastric mucous membrane 
in the cat and the dog. 



Histamine content, mg/kg 


fimdus 

pylorus 

Cat 1 

5.3 

4.3 

Gat 2 

19.0 

6.5 

Cat 3 

34.0 

16.0 

Dog 1 

55.0 

25.0 

Dog 2 

55.0 

30.0 

Dog 3 

180.0 

80.0 

Dog 4 

48.0 

24.0 


C. The Histamine Content of the Gastric Jnice. 

1. Spontaneously secreted juice. Cats, decerebrated or under 
cbloralose "were used; the vagi were cut. The rate of secretion 
was very low. In 12 cats acid juice was collected under these 
conditions. The histamine content of the juice is presented in 
table 3. Some samples of juice were extracted according to Code; 
the corresponding figures are given in brackets. The other samp- 
les, after neutralizing, were tested directly on the guineapig’s 
gut. The spontaneously secreted juice is contaminated by varying 
amounts of mucus and saliva. 

Table 2. 


Histamine content of spontaneously secreted gastric juice in 18 cats. 
Figures in brackets refer to extracted samples; the others are tested 

directly on the gut. 


Gat nr. 

i 

2 

3 

4 

5 

B 

8 

9 

B 

12 

Histamine content 
y per litre 

(55) 

(0) 

(14) 

25 

(5) 

(45) 

9 

6 

45 

40 

(5) 

40 


2, The cephalic phase. 

a) Sham feeding. In dogs gastric pouches of the Pavlov or 
of the type described by Neuwelt et al. (1940) and oesophageal 
fistule according to Komarov (1926) were prepared. The dogs 
were fed with palatable meat during 30 — 60 minutes, and acid 
juice was collected from the gastric cannula. The juice was tested 
either directly on the gut after neutralization or by the several 
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biological tests described previously after extraction by the 
Code procedure. In every instance the juice contained histamine. 
Fig. 1 represents an experiment of this kind. Samples v^ere col- 
lected during 3 — 7 subsequent periods of 15 minutes. 

1 -cr. 0l^f7A. I5KC. 27/4.43. 
nt tiisTAnm 



Fig. 1. Histamine content of gastric juice from the cephalic 
and gastric phases. 

In the e.xperiment presented in fig. 2 only one specimen of 
juice vras collected daily during a period of about two months. 

In a special series of experiments large amoimts of gastric 
juice were collected during sham feeding, extracted, concentra- 
ted, and assayed by several methods. Fig. 3 — 5 refer to such an 
experiment. 140 ml juice were treated according to Code, and 
concentrated to 6 ml. In the cat 0.1 — 0.2 ml of this extract in- 
travenously caused a fall in blood pressure which was matched 
against the effects caused by a standard solution of histamine 
(fig. 3 A). The fall in blood pressure caused by the extract per- 
sisted after atropinization of the cat (fig. 3 B), and disappeared 
almost entirely when “theamine” had been previously injected 
(fig. 3 C). — This extract was also injected intravenously in the 
guinea-pig. The resulting bronchoconstriction was matched against 
histamine (fig. 4 A); if “theamine” had previously been injected 
in the guinea-pig, neither the extract nor histamine constrict 
the bronchi (fig. 4 B). — In fig. 5 the same extract is assayed on 
the guinea-pig’s gut. The acti\’ity of the extract is abolished by 
thymoxyethyldiethylamine. Tested on the cat’s blood pressure 
and on the bronchi the histamine activity of the gastric juice 
amounts to 35 — 45 y per litre and on the gut to 34 — 38 y per litre. 

b) Electrical vagus stimulation. Dogs and cats were anaesthe- 
tised by chloralose or decerebrated, the vagi cut and stimulated 
in the neck or in the chest below the heart with the chest closed 
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Pig. 3 A. Gat 2.2 kg, chloralose-urethan. Arterial blood pressure, mercury mano- 
meter. Intravenous injections every four minutes of extracted gastric juice (0.20 
ml at 2, 0.10 ml at 3, 0.15 ml at 4) and of histamine disphosphate 0.20 y at 1. 

Time marks in minutes. 

Pig. 3 B. Atropine sulphate. 1 mg per kg, was given intravenously. Extract (at 2) 
and histamine (at 1) are still active. 

Fig. 3 C. “Theamine”, 25 mg per kg, was injected intravenously. Extract and 
histamine in the same amounts as in fig. 3 B are almost without effect on the 

blood pressure. 
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A B 

Pig. 4. Guinea-pig, 020 g anaesthetized 
with urethane. Ilronchoconstriction is in- 
dicated by increased upward movements 
of the lever. Extract (0.5 ml at 1) and 
histamine (1 y at 2; 0.5 y at 3) are in- 
jected intravenously. “Theamino”, 25 mg 
per kg is injected at 4, rendering the 
bronchi insensitive to the motor effect of 
extract (1) and histamine (3). Time 
in minutes. 



Fig. 5. Guinea-pig's ileum su- 
spended in 2 ml Code’s solu- 
tion containing atropine sulphate 

1 : 200,000. Histamine is added 
at 1 (0.015 y), extract 1 : 20 at 

2 (0.30 ml), at 3 (0.40 ml) and 
at 4 (0.35 ml). Thymoxyethyl- 
diethylamine (2 y) is added at 6, 
rendering the muscle insensitive 

to histamine (1) and extract 
(4). Time in minutes. 


and spontaneous breathing when the electrodes are applied 
(Wright et al. 1940). Tables 3 and 4 give the results in cats 
and dogs. The figures obtained after extraction of the juice 


Table 8. 


The histamine content of gastric juice obtained on vagal 
stimulation in 19 cats- 


Cat nr 

j 

Duration of 
stimulation, 
minutes 



Volume of 
gastric juice 
in miniites 

Histamine 
content y 
per litre 

1 1 

25 

6.5 

(60) 

2 

7 

2.5 

(150) 

i 3 

30 

4.0 

(4) 


20 

2.5 

(90) 

! 5 



— 

16 

1 6 


5.0 

(20) 

•• 7 


3.0 

’ (14) 

i S 

30 

11.4 

25 





50 

! 10 

35 

3.0 

(15) 

i 11 

75 

4.5 

(6) 

12 

45 

6.0 

(20) 

13 



— 

30 

14 

80 

8.0 

(6) 

15 

75 

6.3 

45 

16 

56 

7.8 

(26) 

17 

15 

4.2 

(76) 

18 

75 

12.0 

(25) 

19 

60 

12.1 

35 
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The histamine content of gastric juice obtained on vagal 
stimulation, in 7 dogs. 


Dog Nr 

Duration of 
stimulation, 
minutes 

Volume of 
gastric juice 
in minutes 

Histamine 
content 
per litre 

1 

15 

,5 

(8) 

2 

45 

14 

(11) 

3 



40 

4 


— 

36 

5 

30 

7 

(35) 

6 

— 

— 

120 

7 

60 

20 

(8) 


aie given in brackets; these extracts were tested by several 
biological methods. The native juice was tested on the gut. 

c) Central stimulation by acetylcholine. In four anaesthetized 
cats 0.15 — 0.5 mg acetylcholine was injected in the lateral cerebral 
ventricle. This procedure was shown by Henderson and Wilson 
(1936) to stimulate gastro-intestinal activity in man. The acid 
juice secreted after the injection of acetylcholine was tested for 
jts histamine activity (table 5). 

Tabic 0 . 


The histamine content of gastric juice obtained on injection 
of acetylcholine in the lateral cerebral ventricle- 


Cat nr 

Acetylcoline 

mg 

Volume of 
gastric juice 
in ml 

f 

Histamine con- 
tent of juice, 
y per litre 

, 1 

0.50 

4.5 

25 , 

i 2 

0,20 

10.0 

25 

i 3 

0.20 

4.3 

45 ' 

1 4 

0.15 

3.0 

40 


3. The gastric fhase. In the dogs referred to in the paragraph 
on the cephalic phase, meat and watery meat-extracts were in- 
troduced in the main stomach by a tube and gastric juice col- 
lected from the pouch. The collection of juice was started 30 
minutes after feeding. Reference to the results is given in fig. 1 
and 2, where the figures from the cephalic and gastric phases 
are presented together. 

In two other dogs with gastric pouches but not fitted ivith 
oesophageal fistulae, gastric juice was collected from the pouch 
during the “gastric” phase of digestion. On direct testing on 
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the gut the juice was found to contain histamine ranging from 
30 to 80 y per litre. 

Large amounts of canine gastric juice from the gastric phase 
were extracted and concentrated as described in the experiments 
referred to in figs. 3, i and 5. This extract was slowly injected 
intravenously in cats, and the gastric secretion measured. Table 
6 exemplifies an experiment of this kind. 15 ml extract, corre- 
sponding to 610 ml gastric juice, was injected intravenously 
during 10 minutes. The secretory effect exceeds that of 20 y 
histamine injected during 10 minutes. 



Fig. 0. Conccnlratefl gnstric juice injected intravenously in tlie cat elicits 

gastric section. 

4. Juice obtained on injection of cserine. In a cat under chlora- 
lose 1 mg eserine salicylate was injected intravenously. The 
juice secreted during the first and second hours after the in- 
jection contained 30 and 35 yj\ respectively. The juice was 
tested direct!}' on the gut. 

5. Juice obtained after injection of “gastrin”. The gastrin was 
prepared by the methods deviced by Uvnas et al. (1944) in this 
laboratory and injected intravenously in cats under chloralose. 
The injection of this histamine-free preparation was followed 
by profound secretion of acid juice. In seven cats the juice col- 
lected after injection of “gastrin” contained the following amounts 
of histamine in y per litre: 20, 20, 30, 35, 35, 45, 55. The assay 
was performed with native juice. 

6. Injection of “gastrin” combined with vagus stimulation. 
In three cats “gastrin” was injected intravenously, and subse- 
(jnent to the injection both vagi were stimulated electrically. 
This procedure was very active in stimulating acid secretion. 
The three native specimen of juice contained 14, 25 and 45 y 
per litre. 
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7. Secretion caused by “Priscol”. It has "been shown by several 
workers (Thiele and Schumakn 1942, Schnetz and Fluch 1942) 
that the vasodilator imidazol “Priscol” (hydrochloride of 2- 
benzyl-4.5-imidazolin), which is related to histamine, stimu- 
lates acid secretion in animals and man. In three anaesthetized 
and vagotomized cats this drug was injected intravenously at a 
constant rate of 0.5 — 1.0 mg per kg and minute during 30—60 
minutes. The rate of acid gastric secretion was high. The three 
specimens of native gastric juice contained 30, 46 and 65 y hista- 
mine per litre. Adequately performed controls showed that 
“priscol”, which might possibly enter the gastric juice from 
the blood, does not interfere with the histamine assay on the gut. 

D. Rate of Secretion and Histamine Content of Jnice. 

In four cats both vagi were stimulated electrically during 30 
minutes, and the juice corresponding to each period of stimu- 
lation tested directly on the gut for its histamine content. In 
a fifth cat secretion was induced by “priscol”. The results are 
given in Table 6. The figures show that the histamine content 
of the juice remains rather constant independent of the secretion 
rate. 

In seven cats gastric secretion was induced during 2 to 10 
hours by various prolonged stimuli. At the beginning and end 
of these long periods the native gastric juice was tested for its 

Table 6. 

The histamine contents of gastric juice secreted at different rates. 


Cat nr 

Stimulus 

Kate of gastric 
secretion, nil/30 
minutes 

Hi content y 
per litre 

1 

f Vagus stimula- 

1.0 

40 


1 tion 

4.8 

45 


1 

1.3 

40 

2 

1 ^ 

2.2 

35 


1 

2.8 

40 



2.4 

35 

3 

1 • 

3.4 

30 


5.2 

35 


1 

5.5 

30 


1 » 

6.0 

35 


1 

9.0 

35 


! 10.6 

30 

5 

/ Injection of 

2.4 

40 


\ priscol 

1 7-7 

50 
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Table 7. 


The histamine content of gastric iuice at the beginning and end 
of prolonged secretion periods. 


i 

;Cat 
i nr 

‘ 

Stimulus 

Duration of 
stimulation 
hours 

Gastric 

juice 

ml 

Histamine content, 

/' per litre 

Beginning 

End 

■ 1 

Vagus stimulation 

6 

25 

40 

1 

40 1 

i 2 


10 

50 

35 

35 j 

3 


2 

8 

40 

36 

i 4 

It 

4 

63 

35 

35 i 

i ® 

Slow ini. of Hi 

3 

80 

20 

25 1 



2 

45 

35 

25 

7 

Slow inj. of priscol 

4 

50 

40 

S5 t 


i'OL. ML. 



Mstamine content. The resnlts are given in table 7. From this 
table it is seen that the histamine content of the juice is approxi- 
mately the same at the beginning and the end of even very long 
periods of secretion. 
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In three dogs with gastric pouches gastric juice was collected 
during the gastric phase of secretion. From each dog a sample 
was collected daily on some day arbitraryly chosen during periods 
ranging up to five months. Fig. 6 shows that no definite relation 
exists between the rate of secretion and histamine content of the 
juice. The lack of correlation is also obvious from figures 1 and 2. 


E. Results with Slow Injection of Histamine. 

In these experiments on anaesthetized cats histamine was 
injected during subsequent definite periods intravenously at 
an increasing rate for each period. In previous experiments by 
Emmelin et al. on dogs it was shown that the lowest rate of in- 
jection which causes a just detectable increase in the histami n e 
content of plasma ranges between 2 and 5 y per kg and minute. 
These authors also observed that the lowest rate of injection 
which stimulates parietal secretion amoimts to about 0.5 y per 
kg and minute. In the actual experiments referred to in table 
8 the lowest rates of injection employed are well above these 
threshold. 

Table 8. 


1 

1 

I 




I 

t 


The histamine content of gasiric juice obtained on intravenous 
injection of histamine at increasing rate. 
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The experiments presented in table 10 suggest that histamine, 
if present in a diffusible state in the surroundings of the parietal 
cells, enters these cells and appears in the gastric juice. Finally 
it is shown that histamine, which by these means finds its way to 
the gastric juice, appears there in about the same order of con- 
centration as in juice obtained by the various other previously 
described modes of stimulation. 


F. Different Stimuli with the same Animal. 


In a special series gastric secretion was evoked by different 
stimuli applied to one and the same animal. The native juice 
corresponding to each type of stimulus was tested for its hista- 
mine content. Table 9 gives the data obtained from six cats 
under chloralose. 

Table 9. 


The histamine content of gastric juice obtained on different 
modes of stimulation. 


iCat nr' 


Stimulus 


I 

. fSpontan. secretion 

; < Vagus stimulation 

{Injection of priscol 

(Spontan. secretion 

■ 1 Injection of “gastrin” 

, /Injection of “gastrin” 

, \VagU8 stimulation 

. / Vagus stimulation r 

: I Injection of priscol 

! ISpontan. secretion 

: lAcetylcholine intraventr 

! /Spontan. secretion 

j (Acetylcholine intraventr 


Histamine con- 
tent, y per litre 


45 

45 

45 

40 

35 

45 

40 

25 

30 

25 

26 
40 
40 


Discussion. 

Parietal secretion, no matter by what mode of stimulation 
the excitation process is induced, involves the liberation of 
histamine, as judged by the occurrence of histamine in the gastric 
juice. Considerable amounts of histamine are found in the gastric 
juice during the cephalic as well as during the gastric phases of 
secretion, and also in juice obtained with secretogogue drugs. 
Histamine occurs in the juice in a physiologically active state. 
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It tliDS seems reasonable to assume that tbe liberation of hista- 
mine in the fundic mucosa represents an integral link in the 
mechanism devised to excite the parietal cells. 

The fundic mucosa in dogs and cats contains extraordinarily 
large amounts of histamine. There is no reason to believe that 
the histamine of the gastric juice originates from other sources. 
In many experiments the histamine content of gastric juice ex- 
ceeds by far that of blood plasma, for which figures have been 
evaluated in dogs and cats by several workers {Code 1937, Sli- 
NARD 1941, Emmelin, Kahlson and Wicksell 1941), and it is 
unlikely that the parietal cells concentrate the histamine present 
in their surroundings. The histamine concentration in the mucosa 
is high enough to ensure a relatively high histamine content of the 
gastric juice even during very long periods of secretion. — As 
pointed out by JIacIntosh (1938), the absence of histaminase 
in the gastric mucosa (Best and McHenry, 1930) is favourable 
to the functions of histamine there, since no known enzyme inter- 
feres with the diffusion of histamine into the parietal cells and 
the acid juice, once it is liberated in their surroundings or within 
them. 

From the experiments where acid secretion was stimulated by 
slow intravenous injections of histamine, it is obvious that 
histamine, if present in the surroundings of the parietal cells in 
a diffusable state, enters these cells and emerges in the acid 
juice. The histamine concentration in the jxxice is higher the 
higher the rate of intravenous histamine injection, i. e. the higher 
the concentration in the surroundings of the secreting cells. It 
seems reasonable to assume that on stimulating with hist- 
amine injections the histamine which enters and passes through 
the glands acts as a direct excitant. The question then arises 
whether the histamine concentration of juice from the cephalic 
and gastric phases is sufficient to excite the glands. Our ex- 
periments indicate an affirmative answer, since the histamine 
concentration of juice from the cephalic and gastric phases is 
of the same order as in juice obtained with injection of histamine. 

With the exception of juice obtained- with histamine injections 
where the histamine concentration of the plasma increases "with 
higher rates of injection, there is no correlation between histamine 
concentration of the juice and rate of secretion. In the same ani- 
mal, with different modes of ctimulation, the histamine concentra- 
tion of the juice remains rather constant, independent of the secre- 
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tion rate. This observation does not oppose the idea that histanjine 
is the final link in exciting, the parietal cells, since with an in-, 
creasing rate of secretion a larger amount of cells might be acti- 
vated, the indmdual gland yielding an acid juice with rather 
constant histamine concentration. 

In some specimens of gastric juice the histamine equivalents 
were exceptionally low. This’ might be due to the fact that imder 
some conditions which we cannot yet define the juice contains 
one or more agents which interfere with the assay. This agent 
relaxes smooth muscle and opposes the effect of histamine. It 
is not inactivated by the chemical treatment involved in the 
Barsoum-Gaddum-method. We are engaged on a closer study 
of this substance. 

Histamiue-freo preparations of “gastrin” injected intravenously 
cause a liberation of histamine in the fundic mucosa, as judged 
by the occurrence of histamine in the gastric juice. In previous 
work from this laboratory (Uvnas 1912) it was shown that the 
pyloric hormone “gastrin” is in some way or other also engaged 
in the cephalic phase of ga.stric secretion. As to the gastric phase, 
conclusive evidence of the intervention of “gastrin” is now 
available (Gregory and Ivy lOll). In view of these facts it is 
tempting to assume that, during the cephalic and gastric phases, 
parietal .secretion is excited by a two-stage humoral mechanism, 
the first stage invohdng the liberation of "gastrin”, and histamine 
representing the second, final link. This conception assumes 
that a chemical agent is capable of liberating histamine. The 
observation that histamine is liberated by the secretogogue drug 
"priscol” is not unfavourable to this Anew. 


Sumnmry. 

1. In cats and dog.° acid gastric juice contains histamine in 
a phy.siologically active state. 

2. The histamine content of gastric juice is independent of the 
mode of stimulus employed in exciting the parietal cells, thi^ 
being of the same order in juice from the cephalic and gastric 
|)hases and in juice obtained by injection ot secretogogue drugs. 

3. The histamine concentration of the juice secreted during the 
cephalic and gastric phases is sufficient to stimulate the parietal 
cells. 
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4. Histamine-free preparation of “gastrin” cause a liberation 
of histamine from the fundic mucosa as judged by the occurrence 
of histamine in the acid juice. 

5. It is suggested that in the humoral mechanism instrumental 
in exciting the parietal cells in the cephalic as well as in the 
gastric phase of acid secretion histamine represents the second, 
final link. 

The expenses of this investigation have been defrayed in part by a grant from 
the Research Fund “Stiftelsen Therese och Johan Anderssons Minne”. 
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Upsala. ’ 


The Amino Acid Composition of Whole Fish 
Protein Present in Some Species 
of Siyedish Fisli. 

By 

GDNNAR AGREN. 

Beccivcd 7 July 1941. 


In connection ■vrith tire researches made in this laboratory for 
the purpose of thro^ving some light on the Chastek paralysis 
(Agrek 1944, Lieck and Agren 1944) it was decided to deter- 
mine the amino acid composition of whole fish protein present 
in some Swedish fishes which either had not yet been analyzed 
at all or which had been investigated by less modern and specif- 
ic methods than the one which was intended to be used in the 
present investigation- Since Bose (1938) had shown that animals 
deprived of valine exhibited unusual symptoms including sensi- 
tiveness to touch and absence of muscular coordination, symp- 
toms, which also are exhibited by foxes suffering from Chastek 
paralysis, special attention was given to the determination of 
this amino acid. As is known the disease will follow the incor- 
poration of raw fish in the ration of foxes and as this frequently 
is done in Sweden, the endemic occurrence of Chastek paralysis 
in this country (CABLsrR63i and Btjbarth 1943) is no surprising 
phenomenon. 

The material was prepared for analysis by boiling the fresh 
fish for 20 minutes and by freeing it from bones. The fishes were 
reduced to a pulp by means of a meat chopper. The pulp was 
extracted three times with two times its volume of alcohol and 
then with ether until it was freed from the major part of fat. 

20 — i43582. Acta 'phys, Scandinav. Vol. 8. 
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The product was air-dried and powdered by treatment in a rol- 
ling-mill for 24 hours. After this procedure it was extracted in 
a Soxhlet apparatus for 24 hours and air-dried. 


Results and Biscussion. 

The nitrogen distribution was determined by the electrodia- 
lysing technique as modified by Theorell (1943). The values 
given in Table 1 are typical of the different fractions. For a com- 
parative study, the values obtained on the muscle proteins pres- 
ent in the same species of fish are also indicated. 

Table 1. 

The Nitrogen Distribution of Fish Protein. 


AU values in per cent of total nitrogen. 

W. P. = Whole fish protein. II. P. = muscle protein. 


Fraction 

The sprat 

W. P. M. P. 

The roach 

W. P. M. P. 

The cod 

P. M. P. 

Humin-N 

1.8 

1.6 

1.9 

1.1 

1.8 

1.5 

Atnide-N 

9.8 

11.0 

10.5 

10.4 

7.8 

8.0 

Anodio-N 

14.8 

12.6 

14.0 

11.4 

14,0 

12.4 

Neutral-N 

41.5 

46.5 

41.5 

48.0 

44.6 

46.0 

Cathodio-N 

28.3 

26.0 

27.0 

22.4 

28.0 

27.8 


The results are in good agreement with those obtained by 
Rosbdale (1929) in other species of fish as well as with those 
obtained by Agren (1944) on the muscle proteins from the same 
species of fishes. Table 2 shows the result of the amino acid de- 
terminations on whole fish protein as well as those of a previous 
analysis of the muscle proteins present in the same species of 
fish. The indicated valine values of the muscle proteins are the 
re-investigated values (v. experimental part). 

Table 2 demonstrates that from a nutritional point of view 
there is but an insignificant difference between the data obtained 
in the present investigation and the values obtained on the 
muscle proteins that were present in the same series of fish. 
All the amino acids which Rose (1938) considered to be indis- 
pensable owing to thek property of stimrdating growth seem to 
be present. (Isoleucin was. not determined). Especially may be 
mentioned that considerable amounts of both glycine, arginine 
and methionine were determined.. These three amiAo acids are 
taking part in the synthesis of creatin, which is of essential im- 
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Table 2. 

The Amino Acid Composition of Fish Protein. 


The values are expressed as percentage of the moisture and ash free protein, 
W. P. = Whole fish ptoteiii. SL P. = Muscle protein. 


Amino acid 

Sprat 

W. P. M. P. 

Roach 

W. P. M. P. 

Cod 

W. P. M. P. 

Arghunc 

8.10 

7.20 

7.40 

7.30 

9.10 

9.0 

Histidine 

1.45 

1.70 

1.37 

1.45 

1.50 

1.60 

LVEino 

7.26 

C.O 

iiA) 

4.10. 

4.62 

4.S0 

Hyd^ox^•lysino 

1.64 

1,40 

1.32 

1.30 

0.68 

1.15 

T;^osine 

3.81 

3,60 

3.30 

4.60 

4.0 

4.75 

TVvptophane 

0.73 

0.S5 

0.65 

0.68 

0.69 

0.67 

Proline 

7,80 

6.0 

8.30 

7.10 

6.50 

5.10 

Hydroxj'proline 

0 

0 

0 

0 

0 

0 

Thrcom'nc 

0.52 

0.58 

0.45 

0.58 

0.41 

0.57 

Serine 

3.45 

2.45 

3.15 

4.45 

3.30 

3.50 

Glycine 

0.70 

1.81 

0.33 

2.70 

0.94 

1.0 

Phenylalanine 

12.0 

14.0 

12.3 

14.8 

13.3 

14.4 

Qystcin -i- cy.stin 

Metluonin . 

1.50 

1.60 

1.60 

1.60 

2.0 

1.80 

2.40 

2.30 

2.30 

2.20 

2.40 

2.20 

Leucine 

11.6 

15.5 

11.0 

18.0 

12.6 

16.8 

Valine . 

G.O 

7.4 

7.2 

7.1 

7.1 

7,4 

Hydro.vyglutamic acid . . . 

0 

0 

0 

0 

0 

0 

Aspartic acid \ 

Glutamic acid / 

24.8 

24.4 

21.7 

20.4 

22.1 

22.3 

.A.mmonia 

1.80 

1.05 

1.60 

1.80 

1.70 

1.50 


90.5 

97.7 

S9.0 

102.2 

92,9 

98.5 


portance in muscle metabolism. A decrease of creatin values of 
the muscle is considered to be connected with muscle degeneration, 
whicli is also one of the symptoms in the Chastek paralysis. 

The question whether the different amino acids in whole fish 
protein are present in sufficient amounts to satisfy the synthe- 
sis of bod)’ proteins in animals cannot be solved by merely ana- 
lyzing the amino acids of fish. But on the basis of a comparison 
between the amino acids present in whole fish protein with the 
amino acid composition of the rabbit muscle (Sharp, 1939) it 
will be possible to draw’ some conclusion. Sharp’s values are given 
in Table 3. 

Table 8. 


The Amino Acid Composition of Rabbit Muscle. 


The values arc expressed in percentage 


arginine 7.0 

histidine 1.7 

lysine 9.0 

tyrosine .'L4 

tryptophane 0.80 

prolino 0.4 

threonine 1.2 


of moisture and ash free protein. 

phenylalanine 

cystin 

motliionine 

leucine 

valine 

aspartic acid I 

•glutamic acid I 


2.0 

0.77 

3.40 

7.1 

2.2 

22.1 
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On comparing Table 2 with Table 3 it will become obvious 
that the amino acids in fish protein can furnish sufficient material 
for the synthesis of animal muscle protein, at least as far as 
rabbits are concerned. Attention shoiild be drawn to the fact 
that the amounts of valine present in the fish protein are of the 
same order of size as those present in rabbit muscle protein. 
Hose (1938) reported that animal deprived of valine exhibited 
•unusual symptoms including sensitiveness to touch and lack of 
muscular coordination. These symptoms are also manifested by 
foxes suffering from Chastek paralysis, but it is not likely that 
the symptoms are due to lack of valine in the fish proteins in- 
cluded in the ration of foxes. 

Experimental. 

Moistiue, ash, total nitrogen, nitrogen distribution, amide nitrogen 
and humin nitrogen were determined by the methods given in a pre- 
vious paper (Agren 1944). Of the amino acid methods only the valine 
method was more extensively studied in the present investigation. 

Determination of valine. As was pointed out in the discussion, spe- 
cial attention was given to the determination of the valine values 
in the present investigation. In view of this and also of the fact that 
no data as to the application of the colorimetric valine method of 
Wretlind (1943) to protein hydrolysates are as yet available, the 
method was furtW investigated. As some of the chemicals requested 
for the determinations were short in supply owing to the war conations, 
it was necessary ■to determine as small amoimts of valine as possible. 
Using 3 ml of a total of 10 ml of steam distillate it was found that 
•the empirical correction factor of Wretlind was not constant but varied 
in the following way, if the added amoimts of valine should be re- 
gained: 


valine in y 

250 

100 

50 

25 

extinction value .... 

0.3 0 

0.17 

O.li 

0.06 

correction factor .... 

250 

180 

140 

140 


Each extinction value is the mean of 5 determinations. Using 1 
cm cups in the Zeiss Photometer, 250 — 50 y of valine were determined 
with an accuracy of ±10 %• Erom the extinction values a curve 
was constructed from which the correction factor of valine values 
between 250 — 50 y could easily be read off. Eor determination of 25 
y and less, , the colorimetric reaction was carried out on 6 ml of a total 
of 10 ml of steam distillate, 4 ml lO.s N so^umhydroxide and 1 ml 
20 % by volume salicylic aldehyde. The extinction values and correc- 
■tibn factors obtained when using 3 cm cups in the photometer, are 
given below. 


valine in y . . . ... 

50 

25 

15 

extinction value .... 

0.26 

0.13 

0.08 

correction factor .... 

116 

116 

114 
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In this way it was possible to determine as small amounts as 16 y 
of valine with an aco^acy of ± 10 %. The next step in the inves- 
tigation was the testing of the method on hydrolysates of proteins 
which had previously been analyzed mth the Fischer-estrification 
method. According to Schmidt (1938) casein contains 7.9 % of valine 
wher^s gelatin does nor contain any valine at all. According to Shar- 
PENEK et al. (1934) and Sharp (1939) mammal muscle protein contains 
considerable amounts of valine. Therefore the vah'ne amounts of casein, 
gelatin and cattle muscle protein were investigated by Wretltnd’s 
method. 

The proteins were hydrolyzed and leucine precipitated from the 
hydrolysates by the same procedure ns described by Aqren in 1944. 
lie combined filtrates and washings from the leucine precipitation 
were used for the analysis. In preluninary experiments it was found 
that if valine was added to the hydrolysates it was quantitatively 
recovered. The determinations of the valine content of caseine, gelatin 
and muscle protein were carried out directly on the hydrolysates as 
well as on hydrolysates electro dialyzed with the apparatus described 
by Theorell (1943). Samples of 160 mg of hydrolyzed protein were 
eleotrodialyzed for 12 hours. Ammonia was freed from the cathode 
fraction bj-- distillation and the remaining solution re-electrodialyzed. 
The neutral fraction from the re-electrodialysis was added to the first 
neutral fraction. The combined neutral fractions from 300 mg of eleo- 
trodialyzed protein were concentrated to 6 ml and used for the ana- 
lysis. The determinations on hydrolysates and eleotrodialyzed hydro- 
ysates yielded the following typical values: 


Casein Gelatin 

Hydrolysates . 7.o 6.6 

Eleotrodialyzed hydrolysates ... 7.1 5.4 


MubcIo 

protein 

6.0 

5.8 


All values are given in per cent of ash and moisture free protein. 

The values demonstrate in a satisfactory manner that there is no 
loss of valine from the middle compartment of the apparatus during 
the electrodialysis. The casein values are in good agreement with 
those which a previous analysis (Schmidt, 1839) yielded. The pres- 
ence of valine in gelatin was rather surprising and therefore the 
casein and gelatin values were controlled by running 1 ml of the con- 
centrated neutral fractions of the eleotrodialyzed hydrolysates through 
the Tjselids adsorption analysis apparatus. The procedure used in the 
analysis permits, after adsorption of a mixture of neutral amino acids, 
the separation of neutral amino acids of higher molecular weight as 
for instance valine and leucine from acids of low molecular weight 
by the displacement development of the adsorption column (Tise- 
Lics, 1944)^. In this special case the preliminary precipitation of leu- 
cine from the hydrolysates facilitated the analysis. The diagrams 

^ The adsorption nnalyecs were carried out by Prof. Tiseltos in the Depart- 
ment of Physical Chemistry, UniverEity of Uppsalu. 
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drawn from the adsorption analysis of electrodialyzed casein also de- 
monstrated the presence of only one substance in the fraction which 
could be suspected to contain amino acids of high molecular weight. 
A colorimetric analysis of this fraction gave a value corresponding 
to 5.7 % of valine in casein, the fraction containing amino acids of 
low molecular weight such as glycin, alanine, prolm, oxiprolin and 
serine did not give any color reaction. In this case the two methods 
yielded similar results. 

The adsorption analysis of electrodialyzed gelatin gave a diagram 
showing one rather low step in the fraction of amino acids of high 
molecular weight and in agreement with this the colorometric method 
gave a value corresponding to 0 . 25 % of valine in gelatin. A colori- 
metric analysis was also carried out on the fraction containing the amino 
acids of low molecular weight and the value obtained in this fraction 
corresponded to 1.9 % of valine in gelatin. The combined values of 
the two fractions thus corresponded to 2.2 % of valine in gelatin. 
The reason of this discrepancy between the adsorption analysis of 
casein and that of gelatin may be due to the fact that in gelatin more 
than half of the molecule is built up by 3 low molecular amino acids 
namely glycin, prolin and oxiprolin. During the displacement deve- 
lopment the presence of such a high concentration of low molecular 
amino acids may cover a part of the valine fraction in the diagram 
and a complete separation of the valine-leucine fraction from the 
fraction contaming the neutral amino acids of low molecular weight 
is therefore not possible.^ 

After these preliminary investigations the valine content of fish 
proteins were analyzed. The determiixations were carried out directly 
on hydrolysates as well as on electrodialyzed hydrolysates. Leucine 
was precipitated from the hydrolysates as previously described. Ty- 
pical results of the analyses are given below. 



Cod 

M. P. W. P. 

Sprat 

M. P, W. P. 

Eoaoh 

M. P. W. P. 

Hydrolysates 

7.4 

7.2 

7.0 

6.8 

7,4 

6.S 

Electrodialyzed hydrolysates 

7.2 

7.3 

6.8 

6.9 

7.0 

6.2 


All values are given in per cent of ash and moisture free protein. 
SL P. = muscle protein. W, P. = Whole fish protein. 


In agreement with the results obtained when investigating casein 
and gelatin, the values demonstrate that no loss of valine ocurred 
during the electrodialysis. The valine values of the fish muscle protein 
were not in agreement with previously obtained results (Ageen, 1944). 
This is due to the fact that old ninhydrin samples, obviously of low 
quality had to be used in the previous analysis, as no other samples 
were awailable at that stage of the investigation. 

^ After this manuscript had been finished, it came to the author’s knowledge 
that the presence of valine in gelatin had recently also been demonstrated by 
KtriKEN et al. (1943) by means of a microbiological method. 
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Summary. 

Tlie amino acid composition of the whole fish protein obtained 
from some Swedish fishes which are commonly added to the 
ration of foxes was investigated. By incorporation of alanine 
values obtained by other authors, more than 100 per cent of the 
amino acid content was recognized. The nutritional value of the 
whole fish protein must be classified as rather high, as — with 
exception of isoleucine which was not analyzed — it was foimd 
that all indispensable amino acids were present in amounts which 
correspond to those reported to be present in human and rabbit 
muscle protein. The application of the colorimetric valine method 
of Wretlind on protein hydrolysates was thoroughly investi- 
gated. 

The writer is indebted to the Swedish Fur Breeder Corporation 
for their grants which partly supported the present investigation. 
He further acknowledge his thanks to Messrs. Ekxund, Berg- 
LTJND and Tjader and to Mrs. Agren for their valuable assistance 
throughout the investigation. 
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From the Department of Physiology, University of Lund. 


Close Arterial Injection of Adenosine Triphos- 
phate and Inorganic Triphosphate 
into Frog Muscle 

By 

FRITZ BUOHTHAL^ and BJORN FOLKOW. 

Eeccived 8 July 1944. 


In the preceding communication (Buchthal et al. 1944) the 
striking effect of micro-application of adenosine triphosphate 
(ATP) and related compounds has been described, ATP releasing 
mechanical responses, changes in birefringence and action poten- 
tials. Apart from a paper by Abdon (1942), who applied ATP 
intra-arterially to the gastrocnemius of the frog, no other in- 
vestigation concerning the effect of this substance on striated 
muscle seems to exist. In contrast to the observations by Buch- 
thal et al., Abdon could not observe any stimulating action 
of ATP and found only inhibiting effects on the release of contrac- 
tion by acetylcholine. We therefore thought it of interest to 
investigate anew the effect of intra-arterial application of ATP 
to frog muscle. 


Method, 

The method used for intra-arterial injection was about the same 
as that used by Beown (1937) for the investigation of the effect of 
acetylcholine on frog muscle. Ad branches of the sciatic- artery except 
those supplying the gastrocnemius musle were ligated. As the frogs 
available (Rana esculenta and Rana temporaria) were only Vs 
of those used by Brown, a fine glass cannula with an opening of 110 
u was inserted in the sciatic artery instead of a hypodermic cannula, 
the gastrocnemius muscle being fixed in a horizontal position. The 
weight of the muscles used was 300 to 400 mg. 


1 Working on a fellowsliip from the Rockefeller Foundation, 
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ATP and inorganic triphospliate were applied in an iso-osmotic con- 
dition and with, a pH of 7.3. The preparation of the substances which 
were kindly provided by Dr. A. Deutsch (Research laboratory, A. B. 
Leo, Halsingborg), is described in the preceding paper. The staple 
solution of ATP contained 4.35 mg/ml and that of inorganic sodium 
tri-poly-phosphate 2.9 mg/ml. All Serial injections were made in a 
volume of O.os ml Ringer. The composition of the Ringer’s solution 
was as follows: 6.5 g NaCl, 0.2 g KCl. 0.14 g anhydrous. CaCla and 
0.2 g glucose, distilled water to 1 litre. By a suitable amoimt of NaHCOg 
and by passing a gas mixture of 1 per cent COg and 99 per cent O2 
through the solution its pH was adjusted to 7.3. The experiments were 
performed at 18 — 19° C. The mechanical responses were either re- 
gistered isometrically or isotonically aud in some experiments action 
potentials were simultaneously recorded by leading off with Ag-AgCl 
electrodes to an A. — C. amplifier and electrostatic oscillograph. 


Eesults. 

Intra-arterial injection of ATP into the sciatic artery supply- 
ing the gastrocnemius of the frog sets up a tetanus-like con- 
traction, the threshold amount being approximately 20 //g in 
0.03 ml Ringer (0.04 x 10-® mol). The tension produced by 40 
/ng ATP (0.08 xl0-« mol) corresponds on an average to that 
released by 1 /ug acetylcholine. After injection of ATP tension 
rises quickly and is accompanied by an outburst of asynchronous 
action potentials. The contraction may be maintained over a 
considerable time, and the persisting tension, too, is accompanied 
by electrical activity (Fig. 1 B). Tension increases with increasing 
concentration of ATP. 

When acetylcholine is applied after previous injection of ATP, 
the sensitivity of the muscle to acetylcholine is essentially in- 
creased (Fig. 1 C). The effect of acetylcholine, after previous 
application of ATP is 4-10 times that before the use of it (Figs. 
1 and 2). 

Inorganic tripolyphospJiate likewise initiates tetanic contrac- 
tion. The mechanical response indicates here a materially more 
asynchronous activity of the different fibres than is the case 
after application of ATP or acetylcholine. The abrupt rise in 
tension following injection of triphosphate is superposed by a 
diffuse fibrillary activity (Fig. 3 B). The threshold amount is 
somewhat higher than for ATP, 60-60 /<g triphosphate (0.1 — 
0.13 X 10—® mol) releasing a mechanical response with the same 
tension as that initiated by 1 ftg acetylcholine. 
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Figure 1. Action potentials (upper curves) and mechanical tension (lower curves) 
of the frog gastrocnemius after close arterial injection of: 

A. 6 .«g acetylcholine in 0.03 ml Einger. 

B. 217 «g sodium adenosine triphosphate (0.44 X 10"’ mol) in 0.03 ml Ringer 

C. O.G Hg acetylcholine in 0.03 ml Ringer after previous application of ade- 
nosine triphosphate (B). 



Figure 2. Mechanical tension of the frog gastrocnemius muscle after arterial in- 
jection of: 

A. 5 ng acetylcholine in 0.03 ml Ringer. 

B. 20 /<g sodinm adenosine triphosphate (0.04 X 10"’ mol, applied 6 times 
in 0.03 ml Ringer). 

C. 5 fig acetylcholine in 0.03 ml Ringer after preceding injection of adenosine 
triphosphate (B). 

D. 5 fig acetylcholine 4.5 min after C. 

Time marks: 1 sec. 
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In a series of exjieriments made at another time of the year 
the sensiti\’ity of the muscle to acetylcholine and triphosphate 
was essentially higher (c. 20 times), the threshold for acetyl- 
choline being 0.025 ^g. 

Application of acetylcholine after previous treatment of the 
preparation with triphosphate — as after ATP — releases a 
considerably higher tension than before application of the phos- 



A B C 


Figure 3. Intru-artcrial injection of: 

A. O.G //g acet^’lcholine in C.G."? ml Ringer. 

B. 5S «g (0.13 X 10“’ mol) sodium tripolyphosphato in 0.03 ml Ringer. 

C. O.G /'g acetylcholine in 0.03 ml Ringer after preceding application of sodium 
tripolyphospliatc (B). 

Time marks: 1 sec. 


phate (Fig. 3 G). Furthermore, the responses produced by tri- 
phosphate are in their turn enhanced by previous application of 
ATP. 

It can be seen from these experiments that close arterial in- 
jection of ATP and inorganic triphosphate in relatively low con- 
centrations releases a tetanus-like contraction in the gastrocne- 
mius muscle of the frog, and they furnish further evidence that 
ATP is an important agent in the initiation of contraction. 
^yhen tlie reaction to acetylchobne is used as a basis for com- 
parison, frog muscle is about 3 — i times more sensitive to ATP 
than mammalian muscle (Buchthal and Kahlson 1944). The 
negative results obtained by Addon (1942) with injection of adeno- 
sine triphosphate by means of a similar technique to that used 
here are difficult to explain. The doses of ATP apparently cor- 
respond to those used in our experiments. A factor involved 
may, however, be the acetylcholine contracture produced before 
ATP is applied by adding 200 — 300 mg acetylcholine to the 
surrounding bath. 
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Snmmary. 

1. In tte gastrocnemius of the frog close arterial injection of 
small amoimts of adenosine triphosphate and inorganic triphos- 
phate evoke tetanus-like contractions. The mechanical response 
produced by 40 fig ATP (0.08 x 10-® mol) or 50 — 60 [ig triphos- 
phate (0.10 — 0.13 X 10-* mol) corresponds to that released by 
1 fig acetylcholine. 

2. The sensitivity of the preparation to acetylcholine and in- 
organic triphosphate is greatly increased by previous application 
of adenosine triphosphate. 
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In experiments on isolated muscle fibres of the frog it has been 
shown in a preceding paper (Buchthal et al. 1944) that adenosine 
triphosphate (ATP) and some related compounds exert two 
different actions. ATP releases contraction in extremely small 
amounts and causes long-lasting changes in birefringence which 
are interpreted as an expression of restitutional processes in 
the contractile protein molecule. In accordance with Needham 
et al.’s suggestion founded on model experiments with myosin, 
by themselves (1941, 1942) and by Engelhardt and Ljdbimova 
(1939), observations on living muscle fibres of the frog support 
the idea that ATP is the physiological agent engaged in the 
release of contraction. 

It lay close to hand to investigate how far this theory applies 
to mammalian muscle in order to obtain a broader esperimental 
background and — if possible — to establish a generalisation 
of the interaction between ATP and living muscle. The action 
of ATP and related phosphates on mammalian muscle has — as 
far as we know — not yet been investigated. As it is well known 
that the mode of application of active substances may decisively 
influence the pattern of response in skeletal muscle, we apply 
the most physiological way of providing contact between the 


^ A preliminniy account of this work was sent to Nature on Juno 6th, 1944. 
* Working on a fellowship of the Rockejdler Foundation. 
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substances in question and muscle, and use tbe method of close 
arterial injection as devised by Brown et al. 1936. 


Method. 

The experiments were performed on the tibialis anterior muscle of 
decerebrated cats as described by Brown (1938). 21 animals generally 
weighing 2.8 — 3.5 kg with a weight for the tibial muscle of 6 — 1 g 
were used. Injections are made in the distal part of the anterior tibial 
artery, the proximal part being temporarily closed by traction on a 
ligature, when the substances are applied. The most suitable injected 
volume was found to be 0.5 ml and an equal amount of Thyrode solution 
is injected immediately after application of the active substance. 

Tension is recorded isometrically with the Brown-Schuster flat- 
spring myograph. The excursions of the spring are transmitted by a 
torsion-band with mirror attached to the steel spring of the myograph. 
Simultaneously with tension action fotentials are recorded by leading 
off with three concentric needle electrode? to an A. 0. amplifier and 
electrostatic oscillograph. The three electrodes are introduced to 
different parts of the muscle and connected in parallel to the same 
amplifier. When substances are applied by close arterial injection in 
a volume of 0.6 ml, they generally reach only certain portions of the 
muscle as controlled by injection of corresponding amounts of Indian 
ink at the end of each experiment. By using three electrodes the chance 
of leading off from active portions is of course greatly increased. 

Care was taken that rectal temperature and temperature of the 
muscle were approximately 37° C. In a special serie of experiments 
muscle temperature was only 20° C. 

Every substance was tested on the curarised and non-curarised 
animal. Curare was applied intravenously in the jugular vein or intra- 
arterially in the anterior tibial artery in such amounts that maximal 
electrical stimulation of the sciatic nerve and large doses of acetyl- 
choline were ineffective.. 

All substances were appUed iso-osmotically by substituting an 
equivalent amount of NaCl -f- water in the Thyrode solution with 
a staple solution of the substance in question. The pH of the injected 
solution was 7.3, and its temperature 37° C. 

The following substances were applied as sodium salts, and their 
preparation is described in the paper by Buchthal et al. (1944). 
They were kindly provided by Dr. A. Deutsch (Eesearch Laboratory, 
A. B. Leo, Halsingborg). 

1. ATP, a 99 per cent preparation, staple solution 15 mg/ml (calcu- 
lated as free acid). 

2. Adenosine-diphosphate (ADP) staple solution 7.4 mg/ml. 

3. ADP -{- orthophosphate » » 10.5 -j- 4.4 mg/ml 

4. Adenylic acid » » 3.8 mg/ml 

5. Adenylic acid -}- pyrophosphate » » 3.8 -f- 4.8 mg/ml 
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6. Inorganic tri-polypliosphate staple solution 9.4 mg/ml 

7. Pyrophosphate » » lo.g mg/ml 

8. Orthophosphate » d 4.4 mg/ml. 

In the non-curarised animal the effect of the different substances 
matched against the action of acetylcholine on muscle which was 
injected in amounts of 0.2 — 2 /tg per g muscle. 





Fig. 1. Action potentials (upper curves) and mechanical tension (lower curves) 
of the anterior tibial muecio of the cat after close arterial injection of: 

A. 0.1 X 10“‘ mol/g musclo sodium adenosine triphosphate. 

B. 0.2 X 10~* mol/g musclo sodium adenosine triphosphate. Injection between 
arrows. 


Results. 

1. Adenosine trijilmpliatc {ATP). 

Close arterial injection of ATP in amounts of 0.05 — 0.53 mg/g 
muscle (1.46 — 14.6 x 10“® mol/ml — 0.1 — 1.0 x 10“® mol/g mus- 
cle) initiates a tetanus-like contraction. Tension develops abrupt- 
ly after a latency period of approximately the same duration 
as that seen with acetylcholine. The smallest amount evoking 
contraction is c. 0.1 x 10”* mol/g muscle (Fig. 1). The tetanic 
nature of the contraction is ob\’ious from the accompanying action 
potentials and the electrical activity persists as long as tension 
is maintained (Fig. 2). The typical mechanical and electrical 
response to ATP can be reproduced 4 — 5 times, when injections 
are made at intervals of a few minutes. Then the sensitivity to 
ATP (and to acetylcholine) decreases successively but reaches 
nearly the pre\’lous level after a pause of c. 10 minutes. 
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Fig. 2. Action potentials (upper curves) and mechanical tension (lower curves) 
after intra-arterial injection of: 

A. 0.22 X 10"^ mol/g muscle sodium adenosine triphosphate. 

B. 0.6 X 10"* mol/g muscle sodium adenosine triphosphate. 

Interruption of time marks denotes the duration of the injection. 

With ATP there exists a definite relation between dose and 
effect, tension increasing steeply in height and duration with 
increasing dosage. The tension produced by c. 140 fzg ATP 
corresponds to that released by 1 /ig acetylcholine in the non- 
curarised muscle. The reaction of mammalian muscle to ATP 
is not influenced by curarisation. 

With decreasing temperature of the muscle the mechanical 
responses elicited by ATP and acetylcholine are considerably 
prolonged. 

ATP augments the response to acetylcholine. 

There is a striking difference in the mechanical response of 
the muscle to acetylcholine before and after application of ATP. 
The short tetani elicited by small amounts of acetylcholine are 
enhanced in height and especially in duration, when the muscle 
has previously been treated with ATP, and the acetylcholine 
response resembles in duration that evoked by a single injection 
of ATP (Fig. 3). 
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Fig. 3, Augmentation of tlio effect of neotyleholinu after preceding application 
of sodium udctioHino tripliosphato. 

A. 0.7 fig/g muscle acetylcholine. 

H. O.C X 10"^ mol/g muscle sodium adenosine triphosphate. 

0. 0.7 jig/g muselo acetylcholine after preceding injection of adenosine tri- 
phosphate (JJ). 

Upper curves: action potcntiols. 

Lower curves: mechanical tension. 

Interruption of time marks denotes the duration of the close arterial injection, 

2. Adenosbic difhosphaie (ADP) has essentially the same 
action on mammalian muscle as ATP. The substance is effective 
from amounts of 1.7 to 7.0 X 10~® mol/ml = 0.12 — 0.6 x 10"® 
raol/g muscle and evokes a short tetanus-like response. An equi- 
molar mixture of ADP -f orthophosphate (3) is more active than 
the same amount of ADP alone (7.0 7.0 x 10~* mol/ml = 1.0 

-f 1.0 X 10"« mol/g muscle). In this respect mammalian muscle 
differs from frog muscle, where addition of orthophosphate does 
not augment the action of ADP. In interpreting the potentiation, 
it is of interest to note that mammalian muscle is entirely insen- 
sitive to orthophosphate (see pg. 322). 

4. Close arterial injection of adenylic acid in concentrations of 
0,58—8.1 X 10“® mol/mi = 0.04 — 0.68 x 10“* mol/g muscle evokes 
brief tetanic contractions in curarised and non-curarised mamma- 
lian muscle. In frog muscle this substance neither initiates con- 
traction nor alters birefringence. The duration of the response 
caused by adenylic acid is almost as brief as that elicited by 
acetylcholine (Fig. 4). When, however, adenylic acid is applied 
together with pyrophosphate (6), ((0.58 -fO.58) X 10"® mol/ml = 

21 — i43582s Acta phys. Scandinav. Vol. 8. 
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Fig. 4. Action potentials 
and mechanical tension 
after close arterial injec- 
tion of 0.04 X 10“* mol/g 
muscle adenylic acid. 


(0.04 +0.04) X 10“® mol/g muscle) pro- 
tracted tetanic contractions of the ATP 
type occur. As will be discussed in detail, 
the addition of pyrophosphate diminishes 
the response to all subsequent injections 
of active substances. 

Apart from these organic phosphates the 
effect of the following inorganic phosphoric 
compounds on cat’s muscle has been in- 
vestigated: 

6. Inorganic sodium tripolyphospJiale is 
highly effective as a chemical stimulus. 
The substance evokes long-lasting, tetanic 
activity and was applied in amounts of 
2—12 X 10-« mol/ml =0.15—0.9 X 10“® 
mol/g muscle (Fig. 5). As with ATP, the 
response increases with increasing con- 


i I I /sec. i 

t ^ 






mmmm 

1 1 i sec 

i , 

mmmmm 


E>2 


1 , 

By 

1 



i < 


) 

1 

1 


Ji 


] 


Fig. 5. Action potentials and mechanical tension after injection of: 

1. 0.28 X 10~* mol/g muscle sodium tripolyphosphate. 

Bj. O. 5 G X 10-* mol/g muscle sodium tripolyphosphate. 

Bj. continuation of B^. 

B,. 25 sec after B,. 

Interruption of time marks denotes the duration of the close arterial injection. 
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centxation, the concentration action curve being less steep than for 
ATP, and tension increases about proportionally with dosage. 

7. Sodium 'pyrofJio'spJiate in amounts of 2.5 — 17 x 10~® mol/ml 
= 0.18 — 1.25X 10~® mol/g muscle releases a strong mechanical 
response of long duration which increases with increasing con- 
centration as long as small quantities are applied. Since however 
the very first injection of pyrophosphate has a damaging effect 
on muscle, the second injection of an even larger dose very often 
releases smaller responses than the preceding amoimt. 

8. Sodium orthophosphate in concentrations of 20 x 10~® mol/ml 
== 1.7 X 10~® mol/g muscle does not cause contraction in mam- 
malian muscle. 


Discussion. 

The experiments described in this paper indicate that in mam- 
malian muscle too, apart from its function as deliverer of energy 
for the restitution after contraction, adenosine triphosphate is 
engaged in the primary release of contraction. When the response 
to definite amounts of acetylcholine is used as a gauge of sen- 
sitivity in the non-curarised preparation, frog’s muscle has been 
found to be 3 — 4 times more sensitive to ATP than mammalian 
muscle. 

There is however an essential difference in the reaction of frog’s 
muscle and the muscle of the cat. While in the former only the 
highly-energetic phosphate bonds act as chemical stimuli, in 
mammalian muscle adenylic acid too is effective in the initiation 
of contraction. 

As regards the interesting interrelation between the action of 
ATP and acetylcholine,, the experiments suggest that a stimulus 
either electrical or chemical is potentiated, when ATP is present 
in an accessible form in the surroundings of the contractile sub- 
stance. In frog’s muscle ATP releases a short tetanus with follow- 
ing persistant twitch-like activity. The tendency to a repetitive 
action apparently inheres for a considerable time, when the muscle 
has once been treated with ATP, and may be released by any 
subsequent stimulus. 
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Summary. 

1. Close arterial injection of relatively small amounts of adeno- 
sine triphosphate (ATP) in the tibialis anterior muscle of the cat 
releases a tetanus-like contraction. The effective amounts range 
between 0.1 — 1.0 x 10"® mol/g muscle, and the response increases 
steeply with the injected quantity. 

2. The response to intra-arterially applied acetylcholine is 
greatly augmented by previous application of ATP. 

3. Adenosine diphosphate (ADP) and ADP -f- orthophosphate 
likewise act as chemical stimuli, the effect of the latter being 
larger than with equal amounts of ADP alone. 

4. Adenylic acid elicits a short tetanic contraction in amounts 
of 0.04 — 0.58 X 10~® mol/g muscle, while it has no effect on frog’s 
muscle. Adenyhc acid + pyrophosphate causes a protracted 
tetanic contraction, 

5. Sodium tripolyphosphate and pyrophosphate are highly 
active as chemical stimuli, while orthophosphate in amounts of 
20 X 10~® mol/ml (=1.7 X 10"® mol/g muscle) is ineffective. 
Pyrophosphate, however, reduces the excitability for all subse- 
quent stimuli. 

6. The active substances (apart from acetylcholine) evoke 
contraction also after complete curarisation of the muscle. 


This work has been supported by a grant from the Nobel Foun- 
dation. 
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In view of the recent findings on striated muscle (Buchthal 
et al. 1944) which supply evidence for the assumption that 
adenosine triphosphate (ATP) is an important agent engaged 
in the physiological release of contraction, it is of interest to 
extend the investigation concerning the interaction between 
myosin, skeletal muscle and phosphorus compounds to smooth 
muscle. Furthermore, the examination of smooth muscle with 
regard to its reaction to adenosine triphosphate and related 
compounds readily suggests itself, as the basic metabolic processes 
are supposed to be qualitatively identical in both substrates. 

In the literature a number of partly conflicting observations 
exist on the effect of ATP and other adenylic compounds. With 
the intestines of the rabbit and the cat some authors find an 
inhibition of motor activity and a decrease of “tone” after applica- 
tion of ATP (Drury and Szeistt-Gycrgyi 1929, Ziff 1931, Euler, 
Euler and Schlenk 1940, Abdon 1942 a. o.); others describe 
a brief decrease with a following increase in “tone” (Gillespie 
1934). A systematic investigation concerning the specificity of 
the effect of ATP and other phosphate compounds does not 
exist. 


* A preliminary account was sent to Nature on June 6th, 1944. 

* Working on a fellowship from the NocFeJeUer Foundation. 
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'TLe aim of tlie present investigation is to study by adequate 
technique the effect of the substances, the action of which was 
previously examined on mammalian and amphibian skeletal 
muscle. 


Method. 

Three specimens of smooth muscle were employed: the muscular coat of 
the cat’s stomach, the cat’s bladder, and the small intestine of the guinea 
pig. In the cat the substances were applied by the technique of close 
arterial injection, wMle in the guinea-pig a segment of the small intestine 
was isolated and suspended in a bath. 

J. Smooth muscle of the stomach. 

In cat-s under chloralose-urethane the blood of the spleen was dis- 
charged by intravenous injection of 50 fig adrenaline, the splenic 
vessels tied, and the spleen removed. A small glass cannula was insert- 
ed in the splenic artery, with the tip pointing towards the coeliac 
artery, which could intermittently be obstructed by polling a ligature 
during the application of substances. In another set of experiments 
the cannula was inserted in a gastric branch of the coeliac artery. 

Motor activity is measitced by introducing a rubber balloon through 
the oesophagus into the stomach, and its changes in pressure are trans- 
mitted to a TJ-shaped manometer, filled with bromoform. The pressure 
changes are recorded by a smoke-drum kymograph. The action of the 
phosphate compounds is compared with the effect of vagal stimulation, 
acetylcholine and histamine^. 

‘Z. Smooth muscle of the bladder. 

In cats under chloralose-urethane a cannula is inserted in the sacral 
artery immediately caudal to the rise of the iliac arteries. The two 
hypogastric and the caudal part of the sacral arteries are tied; the um- 
bilic arteries from which the four vesical arteries arise are now the only 
open channels. After removal of the symphysis a glass tube is intro- 
duced into the bladder through the urethra. In a number of experi- 
ments the ureters ate ligated. The empty bladder is filled with 10 — 20 
ml warm Tyrode solution and the pressure changes are transmitted 
to a manometer of the same type as used in recording stomach motil- 
ity. Also here the actions of the phosphorus compounds are compared 
with the reaction to acetylcholine and histamine. In cats weighing 
2.8 — 3.2 kg the weight of the bladder is approximately 5 — 6 g. 

Tor both stomach and bladder the volume applied intra-arterially 
is 0.1 ml, 0.6 ml Tyrode being injected immediately after application 
of the substances. In each animal repeated controls are performed 
by injection of 0.7 ml Tyrode solution. The time used for injection 
of the different substances is approximately equal. 

In bladder and stomach the effect of the different substances is 
investigated before and after atropinization. Atropine sulphate is given 


* The histamine doses are given in terms of histamine diphosphate. 
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intra-arterially in quantities of 0.3— l.o mg, a dose whicli aboUshes 
or greatly reduces tbe response to masimai electric vagal stimulation 
and to 20 — 50 //g acetylcboline, intra-arterially injected. 

5. Small intestine of the guinea-pig. 

The motor activity of the longitudinal muscles is recorded by im- 
mersing a segment of the ileus, 20—25 mm in length, in a bath con- 
taining 3 ml oxygenated TjTodc at 36° C. The free end of the gut is 
attached to a frontal lever, and its movements are registered on a 
smoked drum. The substances were tested before and after atropinfra- 
tion (atropine sulphate 1: 200,000 in the bath). 

The various phosphates are applied iso-osmotically by replacing 
part of the NaCl + vater in a Tyrode solution by an equivalent 
amount of the staple phosphate solution in question. The further 
dilution is made by adding Tyrode solution with pH 7.3 and a 
temperature of 37° G. The preparation of the phosphorus compounds 
is described in a previous paper (Buchthal ct al. 1944:). The 
substances were supplied by the kindness of Dr. A. Deutscii (Research 
Laboratory, k. B. Leo, Halsingborg). 


Results. 

J. Stomach and bladder of the cat. 

On tlic smooth muscle of these two organs the substances 
investigated exert qualitatively identical effects and they will 
he dealt with together. 

Na- ATP in concentrations of 0.24 — 11. G x 10"^ raol/ml (= 0.034 
— 1.6 X lO”*' mol/g muscle’) releases contractions immediately 
after the injection, as does acetylcholine (Fig. 1). The tension 
develops steeply, and its duration is about the same as after 
injection of acetylcholine. Fig. 2 shows the effect of a dose slightly 
above threshold (0.017 mg/g muscle = 0.035 x 10~® mol/g musc- 
le) preceded by approximately the double concentration. From 
this figure it is seen that there exists a definite relation between, 
dose and effect, the concentration-action curve .being rather steep. 
With larger doses the duration of the contraction is greatly pro- 
longed. In a fre.sh preparation repeated injection of ATP (4 5 
times) evokes approximately equal tension, while the response 
decreases after a longer series of injections. 

As compared wdth acetylcholine and histamine, 3.9 X 10 
mol/ml Na-ATP causes an effect on the stomach which corre- 


‘ TCc figure.? given per g muscle refer to the bladder. 
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Fig. 1. Motor activity of the stomach of the cat after 


A. vagal stimulation of 30 sec duration. 

35. intra-arterial injection of 10 /£g acetylcholine. 

C. » » ft » 0.27 X 10~® mol adenosine triphosphate.^ 

D. » 9 9 9 0.7 ml Tyrode’s solution. 

C. 9 9 9 9 6 X 10“® mol orthophosphate. 

F. 9 9 9 9 4.1 X 10“® mol tripolyphosphate. 

G. 9 9 9 9 4.9 X 10~® mol pyrophosphate. 


Time marks: 10 sec. 

The signal above time marks denotes intra-arterial injection. 


sponds to the response after application of 12 fj.g acetylcholine 
or 15//g histamine; on the bladder 0.13 mg/g muscle Na-ATP 
(1.8 X 10“® mol/ml = 0.25 x 10“® mol/g 
muscle) releases an effect simular to that of 
2.5 ^g acetylcholine or 20 ng histamine. 
Atropinization to a degree which nullifies 

I , or greatly diminishes the responses to 20 — 50 

/ ixg acetylcholine, does not abolish the effect 

^ J of ATP (Fig. 6 C). In some experiments the 

effect of ATP, like that of histamine, is 
slightly reduced by atropinization. 

Although in some instances an inhibition 
of the automatic rhythmic contractions may 
occur after application of ATP, we have never 
observed a decrease in tension of smooth muscle 
with this or the other substances investigated. 
ATP does not potentiate the effect of acetyl- 
choline as observed in skeletal muscle (Buch- 
THAji and Kahlson 1944). 

As differences in the effect of different salts 
of adenosine triphosphoric acid on flow-bi- 


fL B 


laaiaaima..'. 

Fig. 2. Application of 
Na-adenosino triphos- 
phate to the bladder 
of the cat. 

A. 30 /£g/g muscle = 
= 0.34x10-6 mol. 

B. 17 figfg muscle = 
= 0.17x10“® mol. 


Time marks: 10 sec. 


' Hero and in figures 2 — 6 the phosphorus compounds are calculated as the 
total injected amount in moles, while othemdse the doses are defined bj mol/ml 
and mol/g muscle. 
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I'ig. 3. Rcnction of the bladder to: 
A. 0.78 X 10~® mol sodium adenosine triphosphate 


B. 0.78 X 10~c mol lithium » » 

C. 0.78 X ]0~*' mol pota.ssium ♦ ' > 

D. 0.7 s X 10~^ mol sodium * » 

E. 0.78 X 10”® mol lithium * » 


Time marks: 10 sec. 


Tcfringcnce and viscosity of myosin solutions liave been described 
by Needham ct al. (19-11) it seemed of interest to compare tbeir 
effect on living muscle. Sodium ATP, potassium ATP and lithium 
ATP were te.stcd in concentrations of 0.3 — 11.6 x 10"® mol/ml 
(=0.04 — l.G X 10"® mol/g mu.sclc). Although Needham et al. 
report a tenfold stronger effect of K-ATl^ than of Na-ATP, on 
myosin, there i.s no significant difference in the effect of Na, K, 
and Li-ATP on mammalian smooth muscle. K-ATP depresses, 
however, the reaction of subsequently applied Na-ATP (Fig. 3). 
An iso-osmotic Tyrode-solution with excess of potassium ions in 
the .same amount as applied with K-ATP has no such inhibiting 
effect. It is interesting that K-ATP does not diminish the res- 
ponse to subsequent injection of Li-ATP. 

Apart from ATP, the following other pho.sphates were tested 
on the smooth muscle of stomach and bladder and found in- 
effective: 

Adenosine diphosphate in amounts of 2.5 x 10 ® mol/ml 
(= 0.35 x 10~® raol/g muscle. Fig. 1); 

Adenosine diphosphate -f- orthophosphate in a concentration 
of (6.0 -f 5.0) X 10"® mol/ml (= (0.7 + 0.7) X 10"® mol/g muscle, 

^'ig- 4); 

Adenylic acid (0.4 — 7.8 X 10 ® mol/ml = O.OG — 1.0 x 10 
mol/g mascle) and adenylic acid -f p 3 wophosph ate ((1.56 -f 1.56) 
to (2.5 2.5) X 10~® nml/ml = (0.1 -f 0.1) to (0.2 + 0.2) xlO ® 

mol/g mu.scle, Fig. 5); 

Pyropho.sphate (7 X 10"® mol/ml = 1.0 X 10"® mol/g muscle, 
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Pig. 4, Effect of adenosine diphosphate, adenosine diphosphate -j- orthophosphate 
and adenosine triphosphate on the bladder of the cat. 

A. (0.84 + 0.84) X lO'C mol adenosine diphosphate + orthophosphate. 

B. 0.78 X 10~<> mol adenosine triphosphate. 

C. 1.74 X 10“'5 mol adenosine diphosphate. 

D. 0.78 X 10~® mol adenosine triphosphate. 

Time marks: 10 sec. 



Fig. 5. Application of adenylic acid and adenylic acid -r pyrophosphate to the 

bladder of the cat. 

A. O.GS X 10“** mol adenosine triphosphate. 

B. (1.1 + 1.1) X 10“® mol adenylic acid + pyrophosphate. 

C. 2.2 X lO'S mol adenylic acid. 

D. 0.68 X 10~c mol adenosine triphosphate. 

E. (1.73 + 1.73) X 10~0 mol adenylic acid + piTophosphate. 

Time marks: 10 sec. 


Figures 6 and 1) and orthopliospliate (14 X 10“® mol/ml =2.0 X 10”® 
mol/g muscle, Figures 6 and 1). 

The effect of sodium tripolyphosphate (6 X 10”® mol/ml = 0.83 
X 10”® mol/g muscle) is either absent (Fig. 1) or slight. 
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Fig. 0. Application of T-yr-T'' ry-': ' rthophosplmtc and adcnosino triphosphate 

: bladder of the cat. 

A. 4.J> X ICrc mo! pjTopho.sphatc 

B. .5.0 X 10~<* mol orthophosphate 

C. 5.4 X lO"*' mol adenosine tripho-sphate 

D. 20 «g ncctylcholine. 

Time marks: 10 acc. 


2. The small intestine of the guinea-pig. 

Fig. 7 shows that Na-ATP (B, G) in a concentration of 0.91 xlO~® 
luol/ml in the surrounding T}Tode-batii causes a contraction of 
about the same size as 3,3 x 10*^ //g acetylcholine (A) and 2,5x10“* 
//g liistamine (D). Na-, K- and Li-ATP have identical reactions 
and release contraction already in concentrations of 0,015 x 10“® 
mol/ml (— 22 //g) in the hath, Atropinization does not affect 



Fig, 7. Sm.ill intestine of the guincrt- 
P'g- 

A. acetylcholine LlXlCT^ ."g/ml, 

B. adenosine triphosphate 0,91 X 
X I0“<' mpl/ml. 

C. ndenosino triphosphate 0.91 X 
X 10~t mol/ml. 

D. histamine 0.83X10^ og/ml. 



Fig. 8. Small intestine of the guinea- 
pig- 

A. histamine 0.07 X 10-2 Mg/ml. 

B. adenylic acid + pyrophosphate 
(1.28 -f- 1.28) X 10"® mol/ml. 

C. histamine 0.67 X 10-2 pg/ml. 

D. » 0.67 X 10-2 /<g/ml. 

13. adenylic acid 1.8 X 10-® mol/ml. 
F. histamine 0.67 X 10-2 /tfr/ml 
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the response to ATP. The other phosphates tested (Na-tripoly- 
phosphate 0.67 x 10~® mol/ml, Na-orthophosphate 0.41 x 10~® 
mol/ml) were ineffective, just as is the case with the stomach 
and the bladder of the cat. Fig. 8 demonstrates the insensitive- 
nesB of the gut to adenylic acid (1.8 x 10"® mol/ml — 1.9 mg/3 
ml) and adenylic acid + pyrophosphate ((1.28 + 1.28) x 10~* 
mol/ml — 1.33-1-1.68 mg/3 ml) . Sodium pyrophosphate represents, 
however, an exception and evokes contraction in the longitudinal 
muscle of the gut in concentrations of 0.07 6 — 0.226 x 10“® mol/ml. 
This effect was, however, not regularly present. The action of 
ADP and ADP -f orthophosphate was not investigated. 

In no experiment and with no concentration employed was 
an inhibitory or a relaxing effect of the different substances 
observed. 

Discnssion. 

In the specimens of smooth muscle we have investigated, ATP 
evokes contraction in extremely small amounts. This finding pro- 
vides further bearing on the assumption that the substance is 
engaged as a physiological agent in the release of contraction. 
One may suggest that in the humoral mechanism involved in 
the initiation of contraction ATP represents a further link, the 
substance being activated by a preceding liberation of acetylcholine. 

The data hitherto presented as to the action of ATP and other 
adenylic compounds are rather disjointed. On the isolated uterus 
of the guinea-pig Zipf (1931), Bennet and Drury (1931), Euler 
and Gaudum (1931), Deuticke (1932) and Gillespie (1934) find 
motor stimulating effects of adenosine, adenylic acid, adenosine 
triphosphate and inosine triphosphate. On the small intestine of 
the rabbit and the cat Drury and Szent-Gyorgyi (1929), Euler, 
Euler and Schenk (1940), Abdon (1942) et al. find a decrease 
in tension and an inhibition of rhythmic activity after appli- 
cation of adenosine, adenylic acid, cozymase and adenosine tri- 
phosphate. Gillespie (1934) reports an initial decrease followed 
by an increase in tension after addition of ATP. 

In our experiments we have never observed decrease in tension 
caused by ATP or other phosphorus compounds, although a 
slight inhibition of rhythmic activity may occur simultaneously 
with the rise in tension when ATP is applied. It is of interest 
to note that in contrast to our findings on skeletal muscle, the 
specimens of smooth muscle investigated here react highly sped- 
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fically to ATP, adenosine diphosphate, adenylic acid and othei 
phosphates being without • effect. Even application of adenosine 
diphosphate -f orthophosphate is ineffective. Thus smooth muscle 
reacts just as specifically towards ATP as does thrice precipitated 
myosin in Needham et al.’s experiments (1942). Adenosine di- 
phosphate which interacte with relatively -unpurified myosin has 
no effect on smooth muscle. 

Added in the proof: We have lately examined the stimulating 
effect of tnosine triphosphate on the smooth muscle of the bladder. 
Compared -ndth ATP inosinc triphosphate is less active, the threshold 
dose being approximately 5 times higher than that of ATP. 


Summary. 

1. With the following substances investigated for their action 
on smooth muscle by close arterial injection in the stomach and 
the bladder of the cat it was demonstrated that: Sodium-, potas- 
sium-, and lithium adenosine triphosphate release contraction, 
while adenosine diphosphate, adenosine diphosphate -f ortho- 
phosphate, adenylic acid, adenylic acid -f pyrophosphate, inorga- 
nic tripoljphosphate, pjTrophosphate and orthophosphate applied 
iso-osmotically qs sodium salts at pH 7.3 are ineffective. 

2. Potassium adenosine triphosphate depresses the reaction of 
the smooth muscle to subsequent injections of sodium adenosine 
triphosphate, while the action of lithium adenosine triphosphate 
remains uninfluenced. 

3. The isolated small intestine of the guinea-pig contracts 
after application of the different salts of adenosine triphosphate, 
while the other phospliates investigated are without effect. Pyro- 
phosphate makes an exception and may cause contraction. 

4. None of the phosphorus compounds investigated exerts a 
relaxing effect on the stomach and bladder of the cat or on the 
small intestine of the guinea-pig. 

5. The experiments presented in the present and the preceding 
papers suggest that adenosine triphosphate acts as a further link 
in the humoral mechanism involved in the release of contraction, 
the substance possibly being activated by the liberation of ace- 
tylcholine. 

The Nobel Foundation has made a grant towards this work. 
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Among the numerous guanidino compounds found in animal 
organisms, guanidino acetic acid, or glycocyamine as it is often 
and more conveniently called, stands out as one of particular 
interest to biochemists. Its structural formula 

EN = 

■'-NH — CH; — COOH 

brings clearly out its close relationship to creatine. In fact, 
glycocyamine is transformed into creatine by a simple methyla- 
tion, and from the c.vperimental evidence already available the 
compound can probably be regarded as one of the mother sub- 
stances of creatine in the animal body (see for instance Guggen- 
heim, 1940). 

On account of this it is clear that enzymes whicb attack or 
transform glycocyamine must be of considerable biological im- 
portance. For this reason, and also for the intrinsic interest that 
always attaches to new enzymes from the purely chemical point 
of view, they deserve the attention of biochemists. Now Kaba- 
SHBLA (1928) has found, in contradiction to previous workers, 
that the liver of mammals contains a specific enzyme capable of 
hydrolysing glycocyamine to urea and glycine in the following 
way: 
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HN = — > 0 = C + 

\NH CH„ — GOOH \ NHj 

-f HjN-Ca'COOH 

This contention of Karashima has found some support a few 
years ago in the work of Felix and Schneider (1938). They 
found that the hydrolysis ot glycocyamine by an enzyme prepara- 
tion from liver is unaffected by the presence of manganese ions. 
Manganese, however, is known as a strong activator oi arginase, 
and Felix and Schneider therefore conclude that the latter 
enzyme is not responsible for the observed hydrolysis. 

Apart from this, however, no one seems to have worked ex- 
perimentally on the question. This is rather deplorable, since at 
the present time there is a considerable divergence of opinion 
in the literature as to the interpretation of the results just quoted. 
Thus Oppenheimer (1938) does not in any way seem ready 
to accept as conclusive the present evidence for the existence 
of glycocyamase. He suggests that a reinvestigation should be 
carried out with purified arginase solutions. !^aut and Kof- 
RANYi (1941) state quite bluntly and, as far as the present writer 
can see, without reference to further experimental work, that 
glycocyamine is hydrolysed by arginase. In view of this rather 
glaring disagreement it was thought worth while to attempt a 
reinvestigation of the problem, and the present paper is a report 
on the results. 

Before entering into experimental details it may not be out of 
place to discuss briefly certain general features of the problem 
under investigation. The problem of proving the identity of two 
enzymes is, in the present state of development of enzymic che- 
mistry, in many cases a rather difficult one. This is primarily 
due to the fact that we are dealing with often very crude enzyme 
solutions, instead of with crystalline substances. However, pro- 
gress towards the solution of the identity problem is still pos- 
sible by examining the kinetics of the enzymic effects (for in- 
stance the pH dependence) and the influence of various acti- 
vators and inhibitors. This is the method which we attempt 
to apply in the present piece of work. This appears justifiable, 
since it is at the present stage of development impossible to ob- 
tain really purified arginase solutions; it is therefore likewise 
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impossible at the present time to follow up the suggestion of 
Oppenheimer (see above). 

Furthermore, from a consideration of the substrate speci- 
ficity of arginase it seems possible to derive some information 
of interest for our particular problem. A considerable amount 
of work has been done on the substrate specificity of arginase 
(see for instance Kraut and Kopranyi, 1941). Thus it has 
been found that carbamino arginine is hydrolysed by arginase 
to carbamino acid and ornithine. Hence the guanidino group 
in arginine can be replaced by the carbamino group without 
affecting the hydrolysability; the reaction velocity, however, 
may well be changed. Other alterations in this group, such as 
nitration, methylation and benzoylation, lead to nonhydrolysable 
substances. The presence of the a-amino group is not decisive, 
since methyl arginine and arginyl arginine are both hydrolysable, 
the latter compound, however, only at that part of the molecule 
which carries the free carboxylic group. The a-amino group can also 
be entirely absent, the compound still retaining its hydrolysa- 
bility. This relative unimportance of the amino group is also 
brought out by the fact that if it is replaced by alanine, as in 
octopine, the new substance is still attacked by arginase. We 
may also mention .that a-oxy d-guanidino valeric acid, a-gua- 
nidino valeric acid and a-amino — d-guanidino capronic acid 
are all hydrolysed by the enzyme. Hence the length of the carbon 
chain is relatively unimportant. Finally we mention that a free 
carboxylic group has been found necessary. This was already 
indicated above, and is further corroborated by the fact that esters 
of arginine are not hydrolysed by arginase. 

After survejdng this evidence the reader will probably agree 
that there is not much in it that would seem to necessitate the 
assumption of a specific glycocyamase. This may also be the reason 
why some authors, as mentioned above, have been unwilling 
to. accept as .conclusive the evidence furnished up to now for the 
existence of a specific enzyme for the hydrolysis of glycocyamine. 


Experimental Part. 

Enzymz solution. All the work was done with a glycerol extract fmm 
pig’s liver. It was prepared by cutting the liver into pieces and grin<^ 
ing it carefuUy with sea sand in a mortar. It was then extracted with 
glycerol for a few hours at room temperature and over night in the 

22 — 't43582, Acta pJiys. Scandinav. Vol.S. 
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ice l)ox. The next day it ■was filtered or centrifuged, and used immedia- 
tely. No extract -was used -wliicli "was older than three or four days. 

Substrate. Glycocyamine ■was prepared by the method of Nencki 
and SiEBER (1878), ■which works very smoothly and ■with satisfactory 
yield. 

Method of analysis. To follow the enzymic hydrolysis we have ap- 
plied the urease method for determining the amount of urea .set free 
in the process. A very convenient modification of this method has 
beeh worked out by Krebs and Henseleit (1932), and this has been 
applied in the present investigation. The principle of their procedure 
is to measure manometrically in a Warburg apparatus the amount 
of carbon dioxide set free by the enzymic hydrolysis of urea. The 
technique is as follows: 

Reagents: 

1. Acetate buffer: 27.2 g crystalline sodium acetate and 6 g glacial 
acetic acid are filled up ■with water to the mark in a 100 ml flask. pH 
is around 5. 

2. Urease solution. 

Procedure: The main chamber of a Warburg vessel was filled with 
2 ml of the solution to be analysed and with 0.3 ml of the acetate 
buffer solution. These proportions have always proved sufficient for 
obtaining the correct acid reaction, with the concentrations used in 
ordinary buffer solutions. The side vessel contained 0.3 ml urease 
solution. After temperature equilibrium had been reached (10 — 15 
minutes) the urease solution was introduced into the main chamber. 
The final manometer readings were usually taken after 20 — 30 minutes. 

Buffer solutions. The experiments were carried out in glycine buffers 
(4 ml m/10 NaOH plus 6 ml m/10 glycine). As far as is known the 
acti^vity of arginase is almost the same in glycine, phosphate and 
veronal buffers. When phosphate is present the urea determinations 
by the Kbebs-Henseleit method req'uires longer time than with 
the other buffers, and since the glycine buffers were immediately at 
hand, all the work was carried out with them. 

Experimental procedure and results: Glycocyamine is only sparingly 
soluble in water and ordinary buffer solutions in the physiological 
pH range. It is therefore not possible to work "with higher concentra- 
tions of the substrate. Hence our esq)eriments were carried out ■with 
a glycocyamine solution prepared by shaking a suitable amount of 
glycine buffer ■with a surplus of glycocyamine for about 1 hour. 

To 10 ml of this glycocyamine solution were added 5 nd of the 
enzymic extract described above, and a suitable amount (see below) 
of the hea^yy metal salt,, or other compound, the influence of which 
on the hydrolysis was to be examined. After a suitable time the en- 
zyme was inactivated by placing the flasks for a short time in hot 
water, and their contents analysed for urea immediately afterwards. 
Experiments without addition of any activator or inhibitor were al- 
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ways carried out at the same time, and likewise blank experiments 
to determine the amount of urea in the enzyme solution. The latter 
determinations were made by adding 5 ml enzymic extract to 10 ml 
glycocyamine solution, immediately inactivating the enz 3 Tne and ana- 
lysing for urea in the way described above. 

An important point must be discussed here. In appljdng the urease 
method it is essential to remember that this enz}Tne is strongly in- 
activated by the presence of heavy metal ions. Fortunately, however, 
it has been shown by Hellerman and Perkins (1935) that this dif- 
ficulty can be easily overcome by adding a suitable amount of cyanide 
to the solution to be analysed before the urease is added. This was 
done throughout the present work, and care was taken to follow the 
instructions of Hellerman and Perkins. 

The experiments were all performed at 25° ^ O.i, and the enzymic 
hydrolysis lasted for 24 hours ± 6 minutes. Double experiments and 
double analyses were carried out throughout the whole work. 

What is actually measured in these experiments is in each 
case the amount of urea set free in the hydrolytic process during 
a fixed interval of time. We shall regard this quantity as a mea- 
sure of the enzymic activity, and even, as a convenient abbre- 
\'iation, term it enzymic activity. We shall further express the 
increase in enzymic acti^’ity on addition of salts in per cent 
of the activity without salt. This increase in activity is the only 
quantity of interest in the activation experiments, and by re- 
stricting us to it in what follows we avoid burdening the reader 
with unnecessary and tedious numerical details. A detailed 
description of the numerous indiridual experiments underlying 
the present report will therefore not be attempted. 

In conformity with this we quote in Table 1 the results ob- 
tained for one particular enzymic solution. The first column 

Table 1. 

Concentration Activation 


3Iangano sulphate ni/460 280 per cent 

» nitrate ni/500 250 » 

» chloride m/iOO 265 » 

Cadmium sulphate m/800 300 » 

» nitrate ra/900 300 » 

» ciiloride m/600 290 o 

Cohalto nitrate m/900 290 » 

Nickel nitrate m/900 90 i> 

» chloride m/800 100 » 

Cupri chloride m/oOO 50 per cent inhibition 

» sulphate m/600 56 » 

Pnljiasinm cyanide m/200 No effect 
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specifies the salt the effect of which was investigated, the second 
column gives the molarity in which it was present in the reaction 
mixture and the last one gives the activation or inhibition, ex- 
pressed in the way defined above. 

Similar experiments were carried out ndth three other enzyme 
solutions, obtained from different animals in the way described 
above. The results were qualitatively exactly the same, and 
further details may therefore be omitted. 

Finally some experiments were carried out in order to determine 
approximately the pH optimum for the hydrolysis of glyco- 
cyamine. The work was carried out using glycine buffers and 
proceeding as above. For all four enzyme solutions a maximum 
was found to lie somewhere in the range 8.6 — 9.2. Apart from 
the statement of this result, the reproduction of the curves ob- 
tained is probably of no great interest and is therefore omitted. 


Discussion. 

From the literature (Bamann and Myrback 1941, Oppen- 
HEiMER 1936 — 1938, Kraut and Kofranyi 1941) it appears 
to be well established that arginase is strongly activated by 
manganese, cobalto, cadmium and nickel ions. In concentrations 
of the order of about m/1,000 their effects are of the same order 
of magnitude. It is further reported that cyanide shows no effect 
in the alkaline range. Copper is stated to be a strong inhibitor 
of arginase. In surveying the experimental results reported in 
the previous section the reader will probably agree that they 
fit in rather nicely in this picture. This conclusion is corroborated 
by our results for the pH optimum, which likewise agree well 
with those of other workers. 

On correlating these findings with what was said above about 
the substrate specificity of arginase, we may conclude that, as 
far as the present work indicates, there are no grounds for as- 
suming the existence of a specific glycocyamase. 

It is unfortunately difficult to advance any definite explanation 
of the diverging results in the literature. It may, however, not 
be entirely out of place to draw attention to the circumstance, 
that frequently organs have been found to give either completely 
inactive or only feebly active arginase solutions, but on addition 
of manganese salts they have become active. It may be that this 
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point has nob always been properly appreciated, and if so, it 
may at least account for those experiments in which glycocyamine 
was found not to be hydrolysed by arginase. 

The author takes great pleasure in expressing his best thanks 
to Prof. Ege, in whose institute this piece of work was carried 
out, for his generous hospitality. 


Summary. 

It is found that glycocyamine is hydrolysed by a glycerol 
extract from pig’s liver. Prom activation experiments it is con- 
cluded that the enzyme responsible for the reaction is probably 
arginase, and not a specific glycocyamase. 
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Asparaginase is a ■vrell known enzyme which, belongs to the 
group of amidases and catalyses the hydrolytic cleavage of aspa- 
ragine to ammonia and aspartic acid, i. e. the reaction 

CO — NH, COOH 

CH, CHs 

1 +H2Q j -t-NH,. 

H^N — CH HjN — OH 

I I 

conn COOH 

This enzyme is one of very remarkable specificity. At least as 
far as is known at present, asparagine seems to be the only sub- 
strate which is attacked by it. This narrow specificity property 
may indicate that the enzyme has important biological functions 
to fulfill. On account of this circumstance a fairly large amount 
of work has been expended in the study of this enzyme, and as 
a consequence an extensive literature has grown up in this field 
of enzymic research. However, several problems still remain 
unsolved, and one of these will occupy us in the present note. 
It concerns the distribution of the enzyme in certain animal 
organisms, which, to judge from the existing literature, offers 
some rather striking peculiarities. It has been pointed out by 
several authors that the enzyme can be expected to occur m 
the organs of all higher animals, since it can probably be as- 
sumed to form a normal chain in the breakdown of proteins. 
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Hoivever, Clementi (1926) reached the surprising conclusion 
that asparaginase is to he found only in birds, herbivora and 
omnirora, and is missing in cold-blooded animals and in inver- 
tebrates. He advocates the view that the enzyme is to be re- 
garded as an adaptation on the part of certain organisms to 
asparagine-containing food. A part of this statement has al- 
ready been disproved by other workers, who found the enzyme 
in other warm-blooded animals than those specified by Clementi 
(see Oppenheimer (1936 — 38), Xeaet and Kofbanyi (1941). 
The necessity of verifying his statement also for the cold-blooded 
animals has already been pointed out by other students of the 
subject (see Oppenheimer (1936 — 38), EIraut and Kofranyi 
(1941). In accordance with this the present writer some time 
ago occupied himself with this problem, and the present note 
is a short report on his results. 


Experimental Part. 

Substrate. The asparagine used in the experiments to be described 
below was a commercial product, which was carefuUy purified by 
xecrystallisation. Its physical i)roperfcies agreed closely with those 
given for asparagine in the standard chemical literature. 

Enzyme solution. A purification of asparaginase has not yet been 
carried through successfully. One of the reasons for this is probably 
the instability of the enzyme, in particular the fact that it is easily 
destroyed by acid, and also by certain organic solvents and precipita- 
tion reagents such as acetone. We are therefore compelled to work 
with rather crude enzyme solutions. In the literature favourable 
results have been reported in some cases with aqueous glycerol as 
a solvent. Thus, Schmaxfuss and Mothes (1930) were able to study 
the asparaginase of Aspergillus niger by preparing aqueous glycerol 
extracts of that mould, though the solutions thus obtained were only 
rather weakly active. Suzuki (1936) obtained active asparaginase 
solutions both with glycerol and with a 10 percent saccharose solution. 
He found aqueous solutions to be only feebly active. So far, all aspa- 
raginase solutions described have been rather unstable, their activity 
diminishing greatly within a few days. They must therefore be used 
at once. 

For the purpose of the present work aqueous glycerol and 10 percent 
saccharose solutions were used to obtain active enzyme preparations. 

Method of analysis. To follow the course of the enzymic reaction, 
two methods have been applied in the past. The first one consists 
in the determination of the ammonia liberated in the process, for 
instance by applying the procedure developed by Parkas and Heller 
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(1924) for the determination of ammonia in blood. The second method 
depends on the determination bp titration in alcoholic solution Avith 
phenolphtalein as indicator according to "Willstatter and Wald- 
schmidt-Leitz (1921) of the amount of carboxylic groups liberated 
during the enzymic reaction by the breaking of the acid amide bond. 
This latter method has been applied in the present work. It is so simple 
and has been described so many times in standard handbooks that 
details of the procedure may be omitted here. 

Exferimental results. Our experiments were carried out with 
extracts from the livers of some cold-blooded animals. 

In the first place frogs (Sana esculenta L.) were used. The 
livers from six freshly killed animals were carefully ground 
in a mortar with sea sand, and the mixture then divided into 
two portions. One of these was extracted with 30 ml of 80 percent 
aqueous glycerol, and the other portion with 30 ml of a 10 per- 
cent saccharose solution. The extraction lasted about 3 to 4 
hours at room temperature, the mixture being stirred now and 
then, and finally it was left standing in the ice box overnight. 
It was then spim down in the centrifuge. 10 ml of the enzyme 
solution thus obtained were added to ca. 40 ml of phosphate 
buffer (pH around 7.5 — 7.7, which agrees well with the pH 
optimae of asparaginase found by other workers), in which a 
suitable amount of asparagine was dissolved. The exact concen- 
tration of the amino acid was not determined. However, for the 
purpose in hand this appeared unnecessary, since what is really 
of interest in our experiments is the number of carboxylic groups 
as determined by the Willstatter and Waldschmidt-Leixz 
titration and given by the amount of n/20 alcoholic potassium 
hydroxide required by a certain amount, in our case 3 ml, of 
the reaction mixture. It should be born in mind that this quantity 
includes also the carboxylic groups in the enzyme solution. 
However, this is fortunately rather irrelevant, for in the end 
we are interested only in the changes in the amount of carboxylic 
groups in the reaction mixture, and blank experiments prove 
that the amount of carboxylic groups in the enzyme solution 
remains constant, at any rate in the interval of time required 
by our experiments. We believe, therefore, that we are entitled 
to regard the observed changes in the titration numbers as di- 
rectly measuring the hydrolytic cleavage of asparagine. It is 
clear that allowance must be made for selfhydrolysis of the 
amino acid, and as will appear below this was always done in 
our experiments. 
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The reaction mixture was left to stand at 24° for a suitable 
time. At the beginning and at the end of this time interval 3 
ml of the mixture were pipetted off for the Willstatter and 
Waldschmidt-Leitz titrations. Double experiments and some- 
times also double titrations were carried out. In the latter cases 
6 ml of the reaction mixture were pipetted off each time. Blank 
experiments were always carried out in order to account for the 
selfhydrolysis of the amino acid, as well as for any change in 
the amount of carboxylic groups contained in the enzyme so- 
lution. Both these cuxiections proved to be very small, and the 
latter in fact practically zero; they are included in the results 
given below. 

The results are given in table 1. 


Table 1. 

Consumplion in ml of NjSO alcoholic KOH. 


Glycerol extracts 


Extracts with 10 percents 
necharoso solution 


Animal 



Trout 

Plaice 


At the start 

5.0 

6.1 

3.4 

3.4 
5.7 
5.7 


Second de- 
termination* 

5.9 (18) 
G.r (18) 

3.0 (22) 

3.S (12) 
6.3 (24) 
0.4 (24) 


At the start 

6.5 

o.C 

3.4 

3.4 

.■J.C 

5.G 


Second de- 
termination* 

5.5 (18) 
5.C (18) 

4.1 (22) 

4.2 (22) 

7.0 (24) 

7.1 (24) 


In order to check these results titrations were also carried 
out using the modification of the 'Will.statter and Waldschmidt- 
Leitz method described by Grassmanx and Heybe (1929). 
The colour change of the indicator used here (thymol phtalein) 
is not easy to observe sharply, but the difficulty can be satis- 
factorily overcome by using a suitable colour standard. The 
results were quite similar to those given above, and need therefore 
not be reproduced here. 

Three other sets of experiments similar to the one described 
above were carried out on other animals. In two of these the 
duration of the experiment was extended to 40 hours. The quali- 
tative results were exactly the same, and numerical details are 
therefore omitted. 

* The figure in brackets gives the number of hours after the fir.st determination. 
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The next experiments •vrere carried out on livers from the 
tiout {Sah7io irideus Gibb.). The organs were excised from three 
freshly killed animals and treated as described above for fro<» 
livers: careful grinding with sea sand, and then extraction of 
half of the thick liver paste with ca. 30 ml aqueous glycerol, 
and of the other half with ca. 30 ml of a 10 percent saccharose 
solution. The rest of the work, including titrations and blank 
experiments, were carried through exactly as before (table 1.) 

Measurements by the procedure of Grasssiakk and Heyde 
gave similar results. 

Three other sets of experiments on trout livers were carried 
out in the same way. In two of these sets the hydrolysis was 
followed for 38 hours. Qualitatively similar results were obtained 
in all cases, and numerical details are therefore omitted. We 
may perhaps mention that the saccharose solutions always 
proved to be considerably more active than the aqueous glycerol 
extracts. 

In a final series of experiments the liver of the plaice (PJeuro- 
necles flatesa L.) was investigated. The livers from four fresh- 
ly killed animals were excised and lumped together. They were 
treated exactly as described above for the other animals, and the 
whole rest of the work, including the titrations and blank experi- 
ments, were carried through as before. The Geassmakn-Heyde 
procedure gave essentially the same results as the titrations 
according to the method of Wielstattee and Waldschmidt- 
Leitz. In the whole four sets of experiments were carried through 
with the same qualitative results in aU cases. In particular the 
saccharose solution again appeared to be a more efficient means 
for extracting the enzyme than aqueous glycerol. To save space 
we quote only the full results of one set of experiments (table 1), 


Discussion. 

The results reported above show clearly that liver extracts 
from the trout and the plaice are capable of hydrolysing aspara- 
gine. IVe consider this to prove the occurrence of asparaginase 
in these organisms. The case of the frog is not so straightforward. 
The liver extracts did not show the slightest sign of enzymic 
actmty, and must therefore be considered as free of aspara- 
ginase. However, the enz 5 ^me content of the liver may possibly 
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depend on such factors as for instance the season, and the state 
of nutrition and general health of the animals, and so on. The 
fiogs used in our experiments had been kept in captivity for quite 
a while, and imder such conditions they often become rather 
undernourished. It is unknown how far this may affect the en- 
zyme content of the liver. Though otherwise the animals appeared 
to be in perfect health, the most cautious interpretation of the 
experiments probably is that frog^s liver contains only a very 
small amount of asparaginase. We see therefore that although 
the distribution of the en5;yme may show great iiregularities 
from one cold-blooded animal to another, it is not missing in 
this group of animals. 

The present work was carried out in the institute of Prof. 
Ege, to whom the author wishes to express his warmest thanks 
for generous hospitality and support. 


Summary. 

It is found that asparaginase occurs in the livers of certain 
cold-blooded animals. The method used consists in preparing 
enzyme extracts with aqueous glycerol and saccharose solutions 
as solvents, and in following the hydrolytic cleavage of aspara- 
gine during the enzymic reaction by means of the Willstatteb 
and Waldschmidt-Leitz method of titration in alcoholic solu- 
tion. The work of Clementi could not be supported. 


Keferences. 

Clementi, a.. Arch. ParmacoJ. sper. 1926. 41 . 241. 

Cleicenti, a,, and D. Torrisi, Boll. Soc. ital. Biol. sper. 1930. 5 . 956. 
Orassmann, W., and W. Heyde, Hoppe-Scyl. Z. 1929. 183 . 32. 
Kraut, H., and E. Kofrany-i, Handb. d. Katalyse 1941. 3 . 278. 
Oppenhebier, C., Die Eermente und ihre Wirkungen, Suppl. 1936 
—38. 588. 

Parnas, J., and E. Heller, Biochem. Z. 1924. 152 . 1. 

SCHAMLFUSS, K., and K. Mothes, Ibidem 1930. 221 . 134. 

Suzuki, Y., Jap. J. med. Sci. Biochem. 1936. 23 . 57 . 

WiLLSTATTER, R., and E. Waldschmidt-Leitz, Ber. dtsch. chem. 
Ges. 1921. 54 . 2988. 



From the Pbys'ological Department, Korolinska Institutet, Stockholm. 


Studies on the Liberation of Benin in coin- 
))letely Iscliemic Itidneys. 

By 

JENS BING. 

Bcreived 20 Angnst 1944. 


Introduction. 

In 1898 Tigerstedt and Bergman, in a publication from this 
Institute, showed that in the cortex of normal kidneys there is a 
pressor substance, which they termed “renin”, and which they 
supposed might be the cause of hypertension in renal diseases. 
The possible importance of this renal pressor substance for the 
pathogenesis of h}'pertension was not, however, generally recog- 
nized until Goldblatt and collaborators in 1934 had begun to 
publish their investigations on experimentally induced hyper- 
tension. Goldblatt, as we know, induces hypertension in various 
test animals by producing a partial ischemia of one or both kidneys 
by the occlusion of the renal arteries with silver clamps which can 
be screwed up more or less tightly, so that the degree of hyperten- 
sion can be graduated. "With this method a number of valuable 
investigations into renal hypertension have been carried out in 
the course of the last ten years. 

That a pressor substance is formed also in the totally ischemic 
kidney was first shown by Dicker (1937), who found, in experi- 
ments on dogs, that the reestablishment of the circulation, after 
occlusion of the renal artery for 24 hours, was followed by a rise 
of blood pressure. The rise was to the extent of 40 — 50 mm Hg 
and proceeded for 20 — 30 minutes. It could also be elicited by the 
intravenous injection of a perfusate of the ischemic kidney into 
the femoral vein, whereas injection into a mesenterial vein pro- 
duced no effect. 
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Investigations into the effect of total ischemia of shorter dur- 
ation have been made by Taquini (1940), who occluded the renal 
pedicle, or only the renal artery, of dogs and found a manifest 
elevation of their blood pressure when the clamps were removed 
after the lapse of b'/s— 6 V 2 hours. That this effect was humoral 
and not reflex was indicated by the following observations. Firstly, 
the effect failed to manifest itself when the circulation in the kid- 
ney had been arrested either owing to thrombosis in the renal ves- 
sels or because the arteries, besides being clamped, had also been 
ligated. Secondly, a Iddney which had been totally ischemic for 
5 — 7 hours showed a distinct effect on transplantation to the 
neck of another dog. Finally, in a case where there were two arte- 
ries to one kidney, and where only one of them was clamped, no 
formation of pressor substance was observed in that kidney. 
Taquini also showed the presence of pressor substance in renal 
venous blood after total ischemia both on transfusion of the blood 
to normal dogs and in experiments with the perfusion of isolated 
dog extremities or the Lowen-Trendelenburg preparation. 

Investigations into the formation of pressor substance in totally 
ischemic kidneys were subsequently taken up by Collins, and 
Hamilton (1940). In experiments with the occlusion, for ' 5 ^ 2 — 
GVs hours, of the renal pedicles of dogs, they confirmed the find- 
ings of pfe\dous investigators, in that the release of the clamps was 
followed by elevations of blood pressure averaging 35 mm. Occlu- 
sion of shorter duration resulted in a lesser rise, which, however, 
was already perceptible after the lapse of half an hour. Effects of 
occlusion experiments were observed also after denervation of 
the kidneys, destruction of the spinal cord below the lower cervical 
segment, splenectomy or adrenalectomy. In experiments with total 
ischemia of the liver or of an extremity, no corresponding pressor 
effect ensued after removal of the clamp, and variations in blood 
pressure in connection with occlusion of the splenic vessels are 
stated by the authors (without further explanation) to be due to 
changes in the volume of the spleen. 

Contrary to Collins and Hamilton, Lewis, Leo and Prinz- 
metal and their collaborators (1940 — 1941) did not find any corre- 
lation between the duration of the ischemia and the pressor effect; 
but, after extensive investigations, they confirmed the statement 
that occlusion of the renal vessels is often followed by a distinct 
pressor effect, which they had found in 83 out of 94 cases in experi- 
ments on cats. They found a similar pressor effect after the cess- 
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ation of total ischemia in dog and rat kidneys, but failed to find 
any corresponding pressor effect in experiments on rabbits. They 
therefore tried the transplantation of (1) normal and (2) ischemic 
rabbit kidneys on normal or nephrectomized rabbits, but -nith a 
similar negative result. They -were thus forced to the conclusion 
that there must be a species difference between rabbits and the 
other test animals, manifesting itself in the inability of rabbit 
kidneys to form pressor substance after total ischemia. These 
results were confirmed by Scarff and Keeler (1943), who like- 
wise failed to find any rise of blood pressure in rabbits after the 
termination of temporary occlusion of the renal vessels. 

For investigations into the nature of the pressor substance pro- 
duced in total ischemia of the kidney, Prinzmetal, Lewis and 
Leo used perfusates obtained by repeated perfusions of ischemic 
kidneys ivith 1 ccm 0.9 % NaCl solution per gram of renal tissue. 
In corresponding perfusates of normal, non-occluded kidneys no 
pressor substance could be observed. In these experiments they 
found the following indications that the pressor substance is iden- 
tical -with renin: Both substances (1) are destroyed by boiling, 
(2) induce tachyphylaxis, (3) show identical pressor curves, (4) un- 
like adrenalin, give a pressor effect after the previous injection of 
933 F (piperidomethyl-3-benzodioxane), (5) unlike tyramin, give 
a pressor effect after preinous injection of cocain, and (6) yield 
a heatstablc pressor substance on incubation vdth plasma. 

Dicker, on the other hand, contended that the pressor substance 
produced after occlusion of the renal arteries of dogs for 24 hours 
could not be renin, in that it withstood lengthy boiling and was 
soluble in alcohol, which accorded with the view that it might be 
hypertensin (angiotonin). Dicker also found that it was stable 
even when kept for a considerable length of time as well as after 
oxidation with potassium permanganate, and that it was insoluble 
in ether. 

The divergence between the findings of Dicker, on the one 
hand, and of Prinz.metal, Lewis and Leo, on the other, seems 
to be c.vplained by the investigations of the latter authors. In 
experiments on cats, they extirpated both kidneys, one of which 
was quickly perfused with a warm Kinger’s solution for the removal 
of the blood, whereupon both kidneys were incubated for 5 hours 
in the cat’s abdomen. They foimd more renin in the blood-free 
than in the blood-containing kidney, which, on the other hand, 
contained a relatively large amount of heat-stable pressor sub- 
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stance (Yrhicli however, they failed to find in perfusates of blood- 
containing, ischemic kidneys which had been clamped, but not 
excised). As a reason why more renin is found in the blood-free 

renal perfusates than in the blood-containing, they state with 

reference to a coming publication — that the red blood cells con- 
tain a factor which tends to inhibit the formation of renin. 

That in the preparation of perfusates of ischemic kidneys we 
obtain the substance which raises the blood pressure after the 
termination of a total ischemia is a friori probable. This suppo- 
sition has in fact been corroborated by Prinzmetal, Lewis and 
Leo, who compared the pressor effects of perfusates of totally 
ischemic kidneys with the rises in biood pressure which they ob- 
tained with perfusates of corresponding kidneys released after the 
termination of the ischemia. As might have been expected, they 
found the least pressor effect with perfusates from those kidneys 
which were flooded with blood, with consequent discharge of 
pressor substance into the blood stream after removal of the 
clamps. 


Author’s Investigations. 

Investigations into the effect of temporary total occlusion of 

the renal vessels. 

In attempts to reproduce the above-mentioned occlusion experi- 
ments, cats narcotized "with 0.05 g chloralose per kg of body weight 
were employed. As vill be seen from Table 1, tests Avere made with 
the occlusion of (1) one or both arteries, (2) an artery and vein and 
(3) the entire renal pedicle. Such tests were made on altogether 
11 cats, and varied in duration from 5 minutes to 7 hours. Only 
3 of these animals reacted Avith a distinct rise of blood pressure 
(of 54, 12 and 46 mm, respectively) giving the characteristic curve 
seen after injection of renin (Fig. 1). In 7 out of the 11 cases no 
pressor effect was observed on the release of the clamp. This may 
be explained by supposing either that the cat was insensitive to 
renin — just as cat 6 Avas during the first occlusion test , or that 
thrombosis had occurred in the renal vessels, so that the renal cir- 
culation was not restored on the release of the clamp. In some of 
the negative tests (cat 10, 30, 38) it was, however, found that 
neither of these suppositions held good, as these cats did react 
to renin, and, according to the criteria adopted by Prinzmetal 
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Table 1. 


PiesuJi^ of the Umporary total occlusion of cat's renal vessels. 


Nb. 

Occlusion of 

Duration of 
occlusion 

Effect in mm 
Hg. 

1 

i both arteries 

5 

minutes 

0 

» 

* 

15 

» 

0 

> 

1 » * 

15 

» 

0 

» 

) » 

1 

hour 

0 

2 

( one arteiT 

15 

minutes 

0 

» 

» » 

1 

hour 

4 

t 

! • » 

4 

hours 

6 

3 

one arten- and vein 

4 

» 

0 

» 

* » » » . . • . . 

15 

minutes 

3 

4 

one pedicle 

15 


0 

> 

* » 

4 

hours 

54 

5 

» » 

3 

» 

0 

* 

. . 

2 

» 

12 

G 


3 

» 

0 

> 


2 

• » 

0 

7 



2 


46 

» 


2 

» 

0 

9 


1 

» 

3 

10 

> » 

2V* * 

0 

30 

» » 

2V. » 

0 

38 

one nrterv and vein 

7 

» 

6 



Tic. I. Rcnin-liko pressor curve after release of clamp of the one renal artery 
of a cat after 4 hours’ clamping (Experiment 4). Time marking 30 see. 

et al. (bleeding from the kidney after a prick and rise of blood 
pressure after intrarenal adrenalin injection) the circulation had 
not been arrested. 
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Demonstratioii of renin in the perfusates firom totally ischemic 

rabbit kidney. 

As already indicated, pre\'ious investigators have failed to find 
any formation of pressor substance in the totally ischemic kidney 
of rabbits, and have therefore supposed that it reacted differently 
from dog, cat and rat kidneys to total ischeima. It seems, however, 
scarcely probable that there should be such a species difference, 
especially in view of the fact that hypertension can be induced in 
rabbits by partial renal ischemia. And, as it is well known that 
rabbits react more weakly to pressor substances than cats do, the 
author thought it desirable to investigate whether, by using cats 
as test animals, the formation of pressor substance could be shown 
also in ischemic rabbit kidneys. 

The results of the intravenous injection into cats of 5 perfu- 
sates from rabbit kidneys occluded for 4 — 6 hours and of perfu- 
sates from the corresponding non-occluded kidneys are shown in 
Table 2. 

Each of the perfusates was produced by perfusion of the kid- 
ney with as many cubic centimetres of Ringer’s solution as it 
weighed in grams. To the Ringer’s solution a little tricresol (3 
drops to 500 cc) was added. The perfusion was repeated three 

Table 2. 


Effect of perfusates from occluded and non-occluded rabbit and cat 
kidneys on the blood pressure in cats. 


Experiment 

Kidneys from 

Duration of 
occlusion 

Dosage 
pr kg. 

Effect in 
mm. Hg. 

15 

Babbit 14 

5Vs hours 

2.8 cc. 

0 

% 

» 

» 

0 

» 

P P 

0 

38 

» 

39 

4 


2.3 » 

44 

» 


» 

0 

» 

p p 

10 

63 

» 

1 

4 

0 

1.0 » 

12 

» 

f 

» 

0 

0 

p p 

8 

* 

» 

2 

4 

0 

1.4 » 

28 

* 

e 

» 

0 

n 

1.8 » 

14 

» 

9 

3 

4V. 

p 

1.75 » 

36 

» 

» 

» 

0 

p 

P P 

15 

13 

Cat 13 


4Vs hours 

1.25 cc. 

50 

» 

» » 


0 

p 

P P 

0 

15 

» » 



p 

2.8 » 

44 

» 

» » 


0 

p 

P P 

4 

» 



6 

p 

P P 

4 

* 



0 

p 

P P 

8 


23 — ii3582. Acta phys. Scandinav. Vol.8. 
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times with the same amount of fluid, whereupon the residual fluid 
in the kidney was carefully pressed out. 

It will be seen that in 3 of the cases there is a distinct liberation 
of pressor substance from the totally ischemic rabbit kidney, 
the perfusate of which gives a much more marked effect than that 
from the control kidney. In the two remaining cases there is no 
difference; but in two similar tests on cats a distinct effect (which 


!*'' n. 


Fig. 2. Considerably greater effect after the injection on a cat of a perfusate from 
a rabbit kidney clamped for 4 hours (12) than of perfusates from the non-ocoluded 
fellow kidney (11) (Experiment 63). 

was reproduced in tests with the same perfusates on a new animal) 
was obtained only in one of them, whereas both perfusates from the 
other cat were ineffective. 

The difference between the effect of perfusates from occluded 
and non-occluded rabbit kidneys is shown by Fig. 2, where it will 
also be seen that the pressor effect is preceded by a transient de- 
pressor effect, which was observed also in the other cases. 

The aiitlwr also succeeded in showing a liberation of pressor sub- 
stance in totally ischemic rabbit kidneys by incubation tests in vitro. 
In this case the kidneys were taken from urethanized rabbits or 
immediately post mortem from rabbits^ killed by intravenous air- 
injection. After incubation in Ringer’s solution (admixed with a 
little tricresol) for varying lengths of time at varying temperatures, 
a perfusate was then prepared in the manner above described. The 
perfusates were injected into cats narcotized with 6 eg chloralose 
per kg and pre-treated with an intravenous injection of ca. 0.1 
mg ergotamin tartrate and ca. 1 mg atropin sulphate per kg of 
body' weight. 

* I am indebted to Professor 'Westjian, Knrolinska Hospital, for kindly supply- 
ing me with rabbit kidneys. 
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Whilst in perfusates from kid- 
neys perfused immediately after 
extraction no pressure substance 
could be shown, some pressor effect 
was observed in perfusates from 
kidneys incubated in a refrigerator 
at ca. 2° C (see Fig. 3). A stronger 
pressor effect was obtained with 
perfusates from the kidneys in- 
cubated at 37° C. 

It is not possible, however, on 
the basis of Fig. 3, to form a reli- 
able estimate of the relative effects 
of the perfusates incubated at 2° 
and at 37°, respectively, nor as to 
the part played by the duration 
of the incubation, seeing that the 
sensitiveness of the different ani- 
mals as Avell as of the same animals 
at . different times varies considerably. Moreover, the dosage, 
though usually 2 ccm per kg, was not always quite the same. 
But in tests where, with the aid of repeated injections of renin, it 
had been ascertained that the sensitiveness was fairly constant, and 


CO 
‘fO 
K) 

0 - » 


5 10 15 JiO hours 


Fig. 3. Effect in mm Hg of the 
injection into cats of perfusates of 
rabbit — and in some cases cat — 
kidneys incubated in Ringers solu- 
tion at ca. 2° (the black points) and 
at ca. 37° (the circles) for different 
lengths of time. (See the text.) 



Fig. 4 . Renin-like effect of injection 
into a cat of a perfusate from rabbit 
kidneys incubated in tricresol Ringer 
(Experiment 29, Mark 11). 


Fig. 5. Hypertensin-like effect of injec- 
tion into a cat of a perfusate from rabbit 
kidneys incubated in tricresol Ringer. 
(Experiment 30, Mark 7.) 
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where the dosage was strictly 
uniform, a distinctly greater 
pressor effect was found after 
incubation at 37° than at 2°, and 
also a tendency to increase ac- 
cording to the duration of the in- 
cubation. The configuration of 
the pressor curve showed some 
variation. It might be reninlike 
(Fig. 4) or hypertensin-like 
(Fig. 5) or intermediate be- 



Fig. C. !Xon-cliarnctcristic efiect of in- 
cction into a cat of perfusates from 
rabbit kidneys incubated in 'tricresol 
Ringer. The pressure rises more steeply 
than in the reninin curve and in this 
respect resembles the hypertensin effect; 
but the rise of blood pressure is long 
maintained (Experiment 29, Mark 9). 


tween these two forms, as in 
fig. 6, where the rise is steep, 
whilst the fall is gradual. We 
must thus reckon with the 
possibility that the pressor sub- 
stance found in the perfusates 
is not always of the same 
nature. 


After thus showing the effect 
of perfusates from ischemic rabbit kidneys injected into cats, the 
author investigated whether a similar pressor effect could be 
obtained with rabbits as test animals. It was found, as expected, 
that rabbits reacted much more faintly to the perfusates — and to 


Table 3. 


Comparison between the effects of rabbit renal perfusates and of 
renin in cats and rabbits. 


Experiment 

Preparate 

Effect in mm Hg on 

Cat 

Rabbit 

28 og 29 

Perfusate (4 hours 2°) 

4 (2) 

3 (2) 

> * $ 

» (24 » 37°) 

34 (1.7) 

14 (2) 

» » 

Renin 

46 (0.17) 

16 (0.24) 

32 t 33 

Perfusate (10 » 37°) 

33 (2) 

0 (2) 

» t * 

Renin 

28 (0.15) 

16 (0.15) 

32 » 35 

Perfusate (10 » 37°) 

20 (2) 

0 (2) 

» > * 

Renin 

22 (0.16) 

16 (0.15) 

30 * 37 

Perfusate (9 » 37°) 

32 (2) 

6 (2) 

* » 

Renin 

21 (0.15) 

5 (0.15) 

42 » 43 

Perfusate (5 * 37°) 

48 (2) 

12 (2) 

> > * 

Renin 

50 (0.16) 

26 (0.15) 


(The figures given in brackets after the BP values represent the dosage per kg of 
body ■weight in cc for the perfusates and in g dry substance for renin.) 
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Fig. 7. Rcnin-like oflect of the injection into a rabbit of a perfusate from rabbit 
kidneys incubated in tricresol Einger. (Experiment 44, mark 5.) 

renin — than cats. (Table 3.) In several cases, however, a distinct 
renin-like effect of the perfusates, such as that shown in Fig. 7, 
was observed. 

Intensification of the liberation of renin after treatment of 
the kidneys with phenol, toluol, acetone or ether. 

It having been found that, despite the admixture of tricresol, 
putrefaction set in when the kidneys had been left for some length 
of time in Ringer’s solution at 37°, the author tried the admixture 
of phenol. It was then found that the perfusate from kidnetjs thus 
incubated in “phenol Ringer” con- 
tained more pressor substance than the 
perfusates previously examined. A 
direct comparison was then made 
between the pressor effect of kidneys 
(1) incubated in "tricresol-Ringer” 
and (2) incubated first for about half 
an hour to one hour in 2 % phenol and 
afterwards in “tricresol- Ringer”; the 
right kidney was used for the one 
method of incubation, and the left for 
the other, both kidneys being in- 
cubated at the same temperature 
(37°) and for the same length of 
time (usually about 6 hours) in each 
test. The results of these experiments 
are seen in Fig. 8, where 11 such 
comparisons are made. They show 
that a considerably greater pressor 



Fig. 8. Distinctly greater pressor 
effect of perfusates from rabbit 
kidneys pretreated with phenol 
(P), toluol (T), ether (AE) or ace- 
tone (A) and afterwards incubated 
in tricresol Ringer than of the 
same dosages of perfusates from 
the corresponding, not pretreated, 
but likewise incubated kidneys 
(R). 
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Fig. 9. Tile figure shows tlic ditTerence in the effect of perfusates from a cat 
kidney prc-treatcd with phenol (11) and from the corresponding, not pre-treated, 
kidney (10) (Experiment 53). 

effect is yielded by tbe perfusates from kidneys treated with. 
fhenol. The difference is shown also in Fig. 9, where it will be 
noticed that tbe curve has a typical renin form, apart from a 
primary depressor effect, which was frequently found, and which 
must presumably be attributed to the admixture of phenol. 

Similarly as ivith the perfusates from the kidneys incubated 
in “tricresol-Ringer”, the effect of the ferfxisates from the kidneys 
treated with 'phenol tended — up to a certain point — to increase 
rvith the duration of the incubation, giving, e. g., a rise of 39 mm 
after 2 hours, 42 mm after 4 hours, 54 mm after 7 hours and 86 mm 
after 10 hours. However, when the incubation period was pro- 
longed e. g. to 26 hours, a rise of only 64 mm was obtained. 

That the effect of phenol is not specific is indicated by tests 
with similar treatment of the kidneys with toluol, acetone or ether 
(Fig. 10). They likewise showed a considerable increase of the 
pressor substance in the perfusates, relatively to the content 
thereof found in perfusates from kidneys treated with “tricresol- 
Ringer” (see Fig. 8). 

In titration tests with the perfusates for the purpose of ascertain- 
ing the difference in the content of pressor substance in the diffe- 
rently treated kidneys, it was foxmd that the kidneys treated 
with phenol or toluol yielded 5 — 10 times as active a perfumte 
as those incubated in “ tricresol-Ringer” . After incubation for 5 
hours, the activity of the perfusate was usually such that 
0.25 cc (corresponding to 0.25 g of kidney) per kg had to be 




Fig. 10. The figure shows the difference in the effect of perfusates from a rabbit, 
kidney pre-treated with toluol (9) and from the corresponding, not pre-treated 

kidney (8) (Experiment 57). 

injected into a cat in order to obtain a rise in blood pressirre of 
20 — 40 mm. 

That the pressor substance is identical inth renin is indicated by 
test5 showing that the configuration of the curve is renindike, 
that the substance is thermolabile and non-dialyzable and that, 
on the incubation of the substance with serum globulin', ther- 
mostabile hypertensin is obtained. 

Finally, it should be mentioned that, on repeated injection, 
tachyphylaxis phenomena appear. Such phenomena, however, set 
in more slowly with perfusates than with extracts from kidneys, 
which is presumably due to the greater purity of the perfusates. 


Summary, 

1. A rexuew is given of previous investigations into the libera- 
tion of renin from totally ischemic kidneys, and it is confirmed that 
a. pressor effect can be obtained on the termination of the tem- 
porary total occlusion of the renal vessels in cats. 

2. It is shown that a liberation of pressor substance after total 
occlusion of the renal vessels can be obtained also in rabbits, and 
that pressor substance is found also in perfusates of cat and rabbit 

1 I am indebted to Dr Edsiax for kindly supplying mo with globulin. 
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kidneys incubated in Einger’s solution. In perfusates of rabbit 
kidneys immediately after extirpation, no, or scarcely any, pres- 
sor substance is observed; but after incubation at ca. 2° C. some 
pressor substance is found, and after incubation at 37° consider- 
ably more, with a tendency to increase in amount according to the 
duration of the incubation. 

3. It is shown that the content of pressor substance in per- 
fusates of incubated rabbit kidneys is considerably increased (is 
approximately 6 — 10 doubled) after pre-treatment of the kidneys 
with phenol, toluol, ether or acetone. The pressor substance 
in these perfusates must be considered to be identical with renin. 
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On the Anticoagulant Actnity of Heparin ond 
Syntlietic Polysaccharide Sulfuric Acids. 

By 

TAQE ASTRUP and IB GALSMAR, 

Received 30 Angnst 1944. 


Different tnetLods e:dst for measuring the anticoagulant acti- 
vity of heparin, but so far the only one yielding a curve from 
which the strength may be calculated, is the method described by 
Fischer and Schmitz (1932) who used chicken plasma and chicken 
thrombokinase (as a rule a dilute embryonic extract) cf. FisbHER 
and Astrup (1938). This method was at first used without a 
comparison sample, but later it was found, that the results differed 
when made on different plasmas, and a standard for measuring 
heparin activity was therefore established (Astrup and Behrnts 
Jensen 1938). Many laboratories will find the use of chicken 
plasma inconvenient, but no method using more accessible plas- 
mas has been as accurate as this one. 

In investigations on the effect of different amounts of throra- 
bokinase on the clotting time of recalcified oxalated ox plasma 
containing heparin or synthetic polysaccharide sulfuric acids 
(Astrup, Galsmar and Volkert 1944) it was found that the 
resulting curves deviated from the straight lines at the lower con- 
centrations of thrombokinase. Thus it was evddent, that in order 
to obtain reliable measurements of anticoagulant activity, it was 
necessary that a large amount of thrombokinase was present, 
since in the presence of smaller amounts the clotting system 
responded too vigorously to the addition of an anticoagulant. 
This was especially true in the case of heparin, while the synthetic 
anticoagulants showed only minor deviations from the straight 
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lines. Theoretical reasons too make it necessary to assume, that 
the reactions during the clotting proceed more imiformly in the 
presence of a surplus of thrombokinase (i. e., an amount sufficient 
to yield the so-called “prothrombin-time”), and that the treat- 
ment of the results obtained in this manner -prould be the simplest. 
"Well defined and reproducible conditions are obtained only imder 
such circumstances and it must be expected that small amounts 
of the inhibitory substances show a more uniform action in the 
presence of a surplus of thrombokinase since, for example, prob- 
able dissociation processes may be ignored. 

On the basis of such considerations, and with our previous 
experiments in mind, we have tried to find a method based on ox 
plasma, which also would lead to a curve, and thus yield an in- 
creased accuracy over previous methods using such plasma. 
This has been attained by using thrombokinase prepared from 
ox brain, cf. Astrtjp (1944). 


Experimental. 

The oxalated ox plasma used (prepared from blood contaimng 15 ml 
of 20 per cent potassium oxalate per liter) must be fresh and stored at 
0° (not over three days) and filtered immediately before use. The optimal 
amount of 1.5 per cent CaCb sicc, is used for recalcification, as a rule 
0 . 20 — 0.30 ml per mi of plasma. A transparent water bath (37®) is used. 

The thrombokinase is prepared from a fresh and cleaned ox brain, 
which is passed once through a meat chopper. The mass is pressed 
through t^vo layers of gauze, and to 100 g of the resulting pulp 300 ml 
of physiol. Nad solution and 1 ml of 90 per cent phenol are added. 
The mixture is treated 24 — f8 hours in a ball mill, yielding a fine sus- 
pension which may be stored several months at 0°. 

The optimal amount of calcium chloride solution and O.i ml of the 
thrombokinase are placed in our usual clotting tubes (80x15 mm). 
One ml of a plasma mixture (0°) (composed of 4.5 ml of plasma and 0.5 
ml of a solution of the anticoagulant in physiol. NaCl) are added rapidly 
from a pipette, and the clotting time determined in seconds. The tube 
is gently moved during tlie clotting. The clotting time chosen is the 
time when the fluid becomes clear wth the formation of agglutinated 
particles. This point can be more sharply observed than the point of 
coagulation of the whole mixture, and may also be assumed to represent 
a better defined state of the clotting process, signifying the time when 
sufficient fibrin has been formed for agglutination of the suspended 
particles of calcium oxalate. These two points coincide only in the case 
of the shortest clotting times. 

The concentration of the solutions of anticoagulant used is varied 
n order to obtain a sufficiently accurate curve fin the ea.se of heparin 
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(about,50 per cent pure) solutions of 25, 50, 75 and 100 mg per pent are 
used). The approximate strength of the anticoagulants may be deter- 
mined by the method described by Astrup, Galsmae and Volkert 
(1944) before the final solutions are made. 

From the mean values of the clotting times (t) obtained, and the 
concentration (c) of the anticoagulant, a curve is drawn with c as abs- 
cissae and log t as ordinates. Only clotting times under 1 2 minutes 

^ve sufficiently straight lines. All measurements must be checked 
against a sample kept as a standard. 



Fig. 1. Assay of heparin on ox plasma containing a surplus of thromboMnase. 


Fig. 1 shows the curves, and it is seen that the points lie on 
straigth lines. From the slope of these lines the potency of the 

3.8X(1.65 — 1.33) 

unknown sample is calculated as (][ 55 _ 2 


the chicken plasma method a value of 4.8 was found. Several 
other samples measured with the chicken plasma method were 
tried, and the values determined were always found to correspond 
to the original values within 16 per cent. Thus the new method 
seems to be comparable to that of the chicken plasma method and 
may be used instead. It may be found more convenient in most 
laboratories, but an accurate determination of the clotting times 
is easier with the chicken plasma method. 

Corresponding experiments were made with the synthetic poly- 
saccharide sulfuric acids of cellulose, starch and chitin. They 
yielded also straight lines, see Fig. 2 . In all cases the amount of 
anticoagulant necessary is lower than for heparin, and this is 
especially true of the cellulose derivative. This is in accordance 
with the previous results showing that large amoimts of throrn 
bokinase have a far greater effect on heparin than on the synthetic 
anticoagulants. It is therefore impossible to express by a figure 
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the relation between the potencies of sucb substances, and to use 
heparin as a standard for the assay of synthetic anticoagulants 
or vice versa. "Wbile the synthetic substances are found to be more 



Fig. 2. Effect of cellulose and stareh sulfuric acids on ox plasma in the presence 
of a surplus of thrombokinase. 

potent than heparin when large amounts of thrombokinase are 
used (as in this method of measurement) the reverse will be found 
to be true in the presence of small amounts. 

This work was aided by a grant from "Danmarks tekniske Hoj- 
skoles Fond for teknisk Kemi”. 

Summary. 

A method convenient for the determination of the anticoa- 
gulant strength of heparin and synthetic polysaccharide sulfuric 
acids is described. Ox plasma and a large excess of thrombokinase 
are used, and the accuracy of the method seems comparable to 
that of the chicken plasma method. Under such conditions the 
synthetic substances are more powerful anticoagulants than is 
heparin. 
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Keticulocyte Bipeiiing* Substances in Pregnant 
Rats and their Fetuses. 

By 

CLAUS MUNK PLUM. 

Received 12 September 1944. 


In a series of investigations by Euth Plum, not yet published 
it has been shotvn that rats exhibit a gradual rise in the reticulocyte 
ripening substances of the plasma dtiring pregnancy. 

The question then arises whether this rise in the reticulocyte- 
ripening substances is due to an increased production in the mother 
organism, or whether it’ is caused by an even larger production 
of ripening substances in the fetuses. Both suppositions are con- 
ceivable, the reticuloc}i;e ripening siibstances being extremely 
diffusible, so that a passage through the placenta from the mater- 
nal to the fetal circulation or the reverse might very well take 
place. 

Judging by previous investigations on the amount of ripening 
substances in animals with an increased erythropoiesis (C. M. 
Pluji, 1943 b) in which an increase in the ripening substances 
occurred, the most reasonable presumption is that the increased 
amount of ripening substances in the maternal blood is due to a 
diffusion from the fetal to the maternal circulation, since there is 
a greatly increased erjiihropoiesis in fetal life. 

Unfortunately, it proved very difficult to procme fetal blood 
from rats for plasma investigations on the quantity of ripening 
substances, with the technique hitherto adopted (C. M. Plum, 
1942 a, b) for the determination of the amount of ripening sub- 
stances in the plasma. Another procedure was therefore chosen. 
On the basis of previous investigations on the content of ripening 
substances in various organs (C. M. Plum, 1944 a, b), the amounts 
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of ripening substances in the maternal and fetal livers as well as 
in the placenta were compared. The placenta was included because 
the ‘exchange of the diffusible substances of tbe two organisms 
takes place here. 

■\Vhite female rats with an average weight of 250 g were used for the 
experiments. 

The technique adopted for investigations on reticulocyteripening 
substances in plasma and in organ extracts has been described in more 
detail by C. M. Plum (19A 1944). 

Through daily examination of the vaginal smears for some time 
the cycle of the rats was followed. When it had passed through a couple 
of periods, a male rat was let in to the female rat corresponding to the 
oestrus. If spermatozoa were found in the vaginal smears and a succeed- 
ing cessation of the cycle occurred, it was assumed that conception had 
taken place. On the 20th day after conception the animals were put 
under deep anesthesia and strapped down on their backs. The abdo- 
nu'nal wall was cut open and with a record s}winge mounted with a 
cannula about 8 ml of blood were drawn from the vena cava inf. Then 
the uterine horns were cut open and the fetuses removed. The funiculus 
umb. was cut off close to the placenta. Next the living fetuses were cut 
open and the livers removed. FinaUy the liver was removed from the 
mother animal. All the organs were now minced finely and put in an 
exsiccator (max. 42® C.) for 24 hours. 

After this the organ extracts were made as previously described (C. 
M. Plum 1944 a and b). 

The determinations on the plasma were made immediately after the 
killing of the animals. 

The results of the experiments will appear from tbe table. 

As will be seen, an increase of 15 — 20 % is found in tbe amount 
of ripening substances in tbe plasma of tbe pregnant rats. Tbe in- 
creased production is found in tbe last fetal days, in wbicb a very 


Normal female rats 

Mother 

PetuB 

Plasma 

Liver 

Plasma 

Liver 



Number 

0.82 0.85 
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j 
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0.36 1.03 




Results of investigations on the content of ripening substances expressed by the 
ripening index in the plasma of normal and pregnant rats and in their livers 
and placentae. The second column shows the activated ripening index, i. o. the 
ripening index after the addition of tyrpsine (C. SI. Rttrir, 1944 a). 
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lively erytkropoiesis vas observed at the same time (Jacobsen and 
Pltoi 1942 a). The increase in ripening substances, however, takes 
place gradually in the plasma of the mother organism during 
pregnancy (Ruth Plum). 

While in normal individuals nuthin the same species of animal 
it is seen that a high reticulocyte number corresponds to a low 
concentration of ripening substance in the plasma (the ripening 
index) and the reverse (C. M. Plum, 1943 a and 1944 a), no reduc- 
tion of the amoimt of reticulocytes is seen in the pregnant rats, 
though it might have been anticipated owing to the increase in 
ripening substances. In the fetuses the large amount of reticu- 
locytes is found in the last fetal days (Seyparth and Jurgens, 
1928), Jacobsen and Plum, 1942 a), and here a high ripening 
index was to be expected, for here there must be said to be an 
increased erythropoiesis (Plum, 1943 b). 

An examinaton of the extracts of the dried organs (1 g organ — 
10 ml of 0.9 % NaCl solution), as was to be expected, showed an 
increase in the mother liver, corresponding in order of magnitude 
to the plasma content of ripening substances. The investigations 
exhibited an increase in the finished ripening substances (C. M. 
Plum, 1944 a, b) in the liver while the activation with tyrosine 
is comparatively less in pregnant than in non-pregnant rats. 

The amount of ripening substances in the fetal livers is con- 
siderably larger than in the liver of the mother organism. Curiously 
enough, it is found that the amount of ripening substances in the 
placenta is of an order of magnitude that lies halfway between 
that foimd in the mother organism and that of the fetal livers. 

Thus there seems to be a close interaction between the mother 
organism and the fetuses, since it must be supposed that the 
fetuses themselves are able to produce the ripening substances in 
their preformed .shape. If the preformed ripening substances are 
to be utilised by the organism, they must be coupled with tyrosine 
or a tjurosine-like substance (Jacobsen and Plum, 1943), so the 
mother organism must produce or in other ways see to it that the 
fetuses receive the requisite amount of activation substances. 
These substances must either be diffused through the placenta to 
the fetuses, or the preformed ripening substances rnust be diffused 
from the fetus to the mother. The latter assumption is, however, 
little likely, since no increased amount of preformed ripening sub- 
stances is found in the maternal blood. 

On the basis of the experiments here discussed in which a eter 
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mination was made of ripening substances in the livers of fetuses 
and of normal rats, there is every reason to believe that the blood 
of the fetuses actually does contain an increased amount of ripen- 
ing substances, as it has previously been shown (Plum, 1944 a 
and b) that there is a close correlation between the amount of 
ripening substances in the organs and in the plasma. 


Summary. 

Through a series of investigations on the amount of reticulocyte 
ripening substances in the livers of pregnant rats and their fetuses 
as well as in the placentae, it is shown that an increased formation 
of ripening substances takes place in the fetuses. This increase 
manifests itself by an increased amount of ripening substances in 
the maternal blood and liver as well as in the fetal liver. 
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In the purification of aminopolypeptidase from the pyloric 
mucosa of hog (Agrex, 1942) it was soon found that one of the 
main difficulties was to separate the peptidase activity from the 
mucin present in all pyloric extracts. As a preliminary study 
to the further purification of the enzyme it was decided to study 
the properties of a closely allied enzyme, the aminopolypeptidase 
of cattle muscle, a more mucin-free material. It had previously 
been demonstrated that the peptidase acti^^ty of the muscle 
was rather high (Agrex, 1940), and the enzyme was accordingly 
prepared from this material. 


Experimental procedure.?, 

The enzyme activit}*’ was determined according to Lin'derstkom- 
Laxg and Holter {1931, 1932) using a 0.2 M solution of alanyl- 
glycine of pH 7.4 as substrate. One unit of activity was defined as 
the amount which, after 30 minutes of digestion at pH 7.4 and 37 
C, gave an increase in amino nitrogen corresponding to 1 c. mm. of 
n/20 HCl in 90 per cent alcohol. Protein nitrogen was determined by 
the micro-Kjeldahi procedure. Traces of ammonium sulphate or nitrogen 
bases contaminating the solutions in some steps of the purification 
necessitated a preliminary precipitation of the protein with trich or- 
ncetic acid. Usually 1 ml of solution containing > 0.2 mg of nitrogen 
was precipitated with 2 ml of 10 % trichloracetic acid. After hea mg 
for two minutes at 100° C. the mixture was cooled in tap_ water, tne 
precipitate was centrifugated, washed twice with 2 % trie orace c 
ucid and hydrolyzed with concentrated sulphuric acid. 

24 — 543582. Ada pTiys. Scandiiiav. Yol.S. 
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Eesalts. 

Method of exiraciion. Diaphragm muscle from cattle was chilled in 
the slaughter-house immediately after the death of the animals, and cut 
very fine in a mincer. The minced muscles were suspended in 4 parts of 
water and shaken for 30 minutes at 37° C, chilled to room temperature, 
and successively filtered through gauze and a thin layer of Standard 
Super Cel on a 30 cm Buchner funnel. In this way a clear, red extract 
was obtained, which contained 1." units per c. mm. of extract. Thus, 
the peptidase actiwty of cattle muscle is about half as high as that of 
the pyloric mucosa of the hog, when the digestion of alanyl-glycyl- 
glycine is taken as reference. Preliminar)' trials to a further purifica- 
tion by precipitation with magnesium sulphate or ammonium sulphate 
at different pH were less successful. In the range of pH 4.0 — 5.o most 
of the enzyme activity was lost. At pH 6 — 8 MgSO* did not precipitate 
the extract, and it was not possible to separate the enzyme from the 
muscle hemoglobin with ammonium sulphate. A further purification 
without considerable loss of activity was obtained by precipitation 
with lead acetate. A rather heavy, white precipitate was obtained. 
The optimal conditions usually corresponded to precipitation with 0.5 
N lead acetate, Vso volume of the muscle extract. After centri- 

fugation and neutralization to pH 7.4 the centrifugate was dialyzed 
against water for 24 hours at 0° C. The solution in the dialysing tube 
contained O .20 mg nitrogen and 1,400 units of activity per ml. By 
this procedure the enzyme was purified about 7 times. 

Since different experiments toward a further purification 
had not led to any separation of the muscle hemoglobin and the 
enzyme, it was decided to try cataphoresis at different pH for 
the same purpose. As a preliminary step to such experiments 
it was necessary to investigate the stability of the enzyme at 
different pH and temperatures. In the experiments a lead-precipi- 
tated muscle extract vas used. In Table 1 the pH-stability of 
the enzyme at room temperature (20° C.) is given. After the 


Table 1. 

The jiH etahiUly of aminopoly peptidase stored at room temperature (20° C.) for 
different times and at different pH. 


1 1 Activity in 
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incubation time the solutions were neutralized to pH 7.4 and 
used for the digestion tests. 

At room temperature and between pH 4.9 and 9.4 the enzjTne 
is stable for about 84 hours. At pH 4.S and 0° C. the 
activity was constant for at least 24 hours. The stability of a 
neutral enzyme solution kept for 15 minutes at higher temperatures 
is demonstrated in Table 2. 

The first series of cataphoretic experiments was carried out 
in the Tiselius analysis apparatus. 100 g of muscle in experiments 

Table 2. 

The temperature stability oj a neutral solution of aminopohjpeptidase heated to higher 

temperatures before digestion. 



j Activity in units 1 

Time in inimitcs 

; per mm’ .solution j 

^ ; j 


' 50° 

1 

60° j 70° 

15 

. i 1.5 

p 

o 


] — 4, or 200 g in experiments 5' — 7, were extracted and preci- 
pitated with lead acetate as described above. After vacuum 
concentration at 15° C. to 60 ml the solution was dialyzed at 
0° C- for 24 hours against water and further concentrated in a 
vacuum to 8 nil. For each experiment 2 ml of a similar solution 
were diluted to 15 ml with the necessary buffer. All the experiments 
were run for 6 hours with approximately the same ionic strength 
of buffers, and the same strength of current. In Table 3 some 
of the experimental data of the cataphoresis are given. In Table 
4 the enzymatic activities of the different cell contents at the 
end of the experiment are demonstrated. 

From the figures in Tables 3 and 4 it can be seen that cata- 
phoresis enables a separation of aminopolypeptidase from the 
muscle haemoglobin and a yellow protein to be carried out on 
a small scale. A comparison of the figures also shows that the 
optimal conditions for a separation would be obtained by cata- 
phorizing at about pH 6, where the anodic migration of the en- 
zyme as demonstrated by the enzyme values of Table 4 \\as 
still maximal and the cathodic migration of muscle haemog o m 
and the yellow component were also rather rapid. After a six 
hours run the 2 and -f 1 cells of experiments 4 7 di not 
contain anv coloured material. No attempt was made to e er 
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Table 8. 

Experimental data and gualitalive results of cataphoretic experiments. 


Migration of 


Experiment 

No. 

, pH 

i 

! 

! enzyme 

music 

haemoglobin ' 

"yellow 

protein” 

buffer 

j 

1 

7.02 

anodic 

1 

anodic j 

andodic 

i 

phosphate 

o 

6.70 


cathodic ■ 

t 


3 

6.44 

» 


cathodic 

» 

4 

6.10 

» 

» ! 

» 

t 

5. .......... . 

5.84 

» 

» 1 



6 

5.2G 

» 

» 1 

» 

acetate 

7 

5.00 

» 

» 1 

» 

» 


Table 4. 

Enzymalical analysis of the cataphoretic experiments in the analytical apparatus. 

The anodo cells are termed + 1 and -f- 2 counted from tho bottom cell, 0, 
and, in the same way the cathode cells are termed — 1 and — 2. 



mine the migration velocity of the enzyme quantitatively 
since the fraction moving in the anodic direction between pH 
6.4 and 6.0 consisted of at least two substances migrating with 
about the same velocities. From the enzyme values of the + 2 cell 
contents experiments 5 — 7 Table 4, it can roughly be estimated 
that the isoelectric point of the enzyme would be close to 4. 6. The 
purification obtained from the cataphoretic separation was rather 
good. If the actmty per mg of nitrogen w^as calculated, there was 
a sixfold increase and the yield was 50 per cent, if the enzyme 
activity of the two anode cells were taken together. The figures 
were calculated from experiment 5, where the total nitrogen 
of cells -f 2 and 1 were respectively 2.0 and 3.8 mg per ml 
solution. A comparison of the enzyme values of -Table 4 seems 
to indicate that some cathodic migrating protein or proteins 
were to a certain degree acting as a carrier of aminopolypeptidase 
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in tlie same manner as, in similar conditions protamin acts as 
a carrier for carboxypolypeptidase (Agren and Hammarsten 
1937). 

To obtain material in amounts required for further purifica- 
tion after the catapboresis, it was necessary to carry out the 
separation of enzyme and coloured material in the Tiselius pre- 
parative apparatus. Tor each experiment 1,000 g muscle were 
extracted with 4,000 ml of water and purified with lead acetate 
as above, and after concentration to 150 ml, dialysis and filtra- 
tion, concentrated to a final volume of 40 ml. Fiaally, the solu- 
tion was diluted to about 100 ml with the necessary phosphate 
buffer so that the bottom cell, filled with glass beads, and four 
of the eight cells of the apparatus, could be filled up. All the 
ten experiments were carried out at pH 5.8 and run for 48 hours. 
By compensation in the usual way it was possible to obtain the 
anodic part of the apparatus practically free from coloured 
material. The enzyme activity filled 3 of the 4 anode cells of 
the apparatus. At the end of each .experiment the content of 
the anode cells was concentrated in vacuum to half the volume, 
dialyzed against water for 24 hours, and again concentrated 
to about half the volume and stored at — 20° C. Several attempts 
to prepare a dry, stable powder by precipitating a cold enzyme 
solution with cold acetone failed. About 70 % of the activity 
was lost. Apparently, in spite of all precautions, the preparations 
were denaturated. At — 15° C the concentrated, cataphorized 
solutions could be stored for more than a year without any loss 
of activity. Further attempts to purify the cataphorized, con- 
centrated material by lead acetate did not meet with success. 
Some impurities could be removed by heating the -solutions at 
50° C. for 3 minutes. Without any loss of activity more than 20 
% of protein inipurities Avere precipitated. A further progress 
was obtained by fractionated precipitation with ammonium sul- 
phate. A very essential point in this procedure was to maintain 
a slightly alkaline reaction, pH about 8, which was obtained by 
adding NaCHOs in substance to a concentration of m/10. Solid 
ammonium sulphate was added to 0.6 saturation, whereupon 
a fine precipitate was formed. After 15 minutes the precipitate 
was removed by centrifugation at 15,000 r. p. m. To the centri- 
fugated c!'ear solution solid ammonium sulphate was adde 
to 0.7 saturation. The two precipitates were separately solved 
and diaiyzed it 0° C. for 4 hours against m/200 Na 2 HP 04 . The 
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Table 5. 

I'raciionnied ammonium sulphate precipitation of the concentrated solution from 
calaphorcsis JN'o. 10 in the preparative apparatus. 



Volume in ml 

Actmty in units 
per mm* solution. 

Protein nitrogen 
in mg per ml 

CatAphorized solution . . 

25 

Diluted 1:100=0.71 

3.5 

O.C saturation precipitate 




solved in 

10 

» 1:200 =0.85 

2.5 

0.7 saturation precipitate 




solved in 

22 

d 

II 

o 

o 

2.2 


coutents of the dialyzed tubes were analyzed. The results of a 
typical fractionation are given in Table 5. 

In a cataphoretical examination of the fraction precipitated 
at O.C saturation with ammonium sulphate there seemed to be 
only one component present in the solution. Total carbohydrates 
estimated by the method of TiLL:MAN-PHiLrpri in the modifica- 
tion of Sorensen and Haugaard was present to less than 1 %. 
The usual colour reactions for amino acids were all positive. 
Quantitative data from the different steps of the preparation 
are given in Table 6. 

Discussion. Through the method outlined above the amino- 
polypeptidase of cattle muscle has been purified about 70 times 
and obtained in a fairly pure state. The yield of the method was 
25 %. The greatest loss of activity occurred in the cataphoresis, 
possibly through the property of some cathodic migrating protein 
to act as a carrier for the aminopolj^peptidase. In this connection 
}nay also be mentioned the lack of parallelism between the yields 
and purity of the material purified by the anal3d;ical and prepara- 
tive apparatus of Tiselius. The analj’tical apparatus gave better 
results both qualitatively and quantitatively. The possible pre- 
sence and nature of an active group in the enzyme will be further 
investigated in connection Avith studies into the properties of 
the aminopolj’peptidase of the hog’s pyloric mucosa. In several 
respects the two enzj’mes seem to be closely related. Highly 
purified solutions of aminopolypeptidase from the cattle muscle 
and the hog’s pyloric mucosa both migrate anodic to an acid 
reaction Avhereiipon incipient inactivation makes further experi- 
ments impossible (pH about 4.6). Several attempts to reactivate 
the inactivated solutions failed. Both enzymes are precipitated 
at the same concentrations of lead acetate and ammonium sul- 
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Table 6. 


The purifieation of atninopolypeptidase. 


Procedure 

! 

No. 

Actmty 
in units 
per mm’ 
solution 

Mg pro- 
tein 

nitrogen 
per ml 

Actmty 
in imits 
X 10’ per 
mg 

nitrogen 

Yields 
in units 
X 10’ 

1,000 g of frozen muscle extracted 
•with 4,000 ml ■water, filtered 
through gauze and clearified 
■with Standard Super Cel. Vo- 
lume 4,000 ml 

1 

1.70 

1.5 

1.05 

68 

To No. 1 ■was added Van by volume 
of 0.5 N lead acetate, the pre- 
cipitate immediately centri- 
fuged, after centrifugation neu- 
tralized to pH 1. Volume 4,100 
ml 

2 

1.4 

0.20 

7.0 

67 

No. 2 ■was concentrated to 160 ml 
in vacuum at 15°, dialyzed for 
24 hours against water, con- 
centrated to 40 ml and cata- 
phorized in the preparative ap- 
paratus for 48 hours at pH 5,8. 

; The content of the four anodic 
i cells concentrated to 26 ml ... 

3 

71 

4.5 

16 

17 

: No. 3 was kept at 50° for 3 mi- 
j nutes. The precipitate centri- 
fuged and washed ■with water, 
i Volume 25 ml 

4 

71 

3.5 

20 

17 

i No. 4 was brought to 0.60 satura- 
! tion of ammonium sulphate in 

1 m/10 NaHCOj by adding the 
! solid salts. The precipitate 
j solved in water and dialyzed 
j against m/200 Na.HPO< at 0° 

1 for 8 hours. Volume 10 ml . . . 

5 

170 

2.5 

68 

16 


phate and in botli cases a higli degree of purification is obtained. 
The enzyme from cattle muscle is a carbohydrate-ftee protein. 
This makes it probable that the enzyme from the hog’s pyloric 
mucosa, which is presently investigated, also is a protein with a 
low carbohydrate content. This is of some interest since the one 
of the main problem in the purification of the enzyme from, the 
pyloric mucosa has been to settle the question wether the fairly 
high content of mucoides present during all steps of the purifica- 
tion is an integrating part of the enzyme. 
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Summary. 

The aminopolvpeptidase from the cattle diaphragm muscle 
has been, obtained in a state of high purity. The enzyme is a 
carbohydrate-frec protein 'vrith an isolelectric point close to 
pH 4.6. 

The \\Titer is indebted to the Johan and Therese Anderssons 
]\Iinne foundation for grants -which supported the present in- 
vestigation. He further acknowledges the valuable assistance of 
3Irs Agren throughout the investigation. 
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A ^'otc on the Action of Lohclinc, Nicotine 
nnd Acetylcholine on the Airercnt 
Nerves of ihc Toni^ne. 

Ity 

i*nctVk zonT.rLM..\N. 

li'TTf hf-iS i?'' CMS. 


lir.YMAN.*''. l’.orcKAr.HT *uul D.M-rnnuAXDK (1931) showed that 
the wcli-!:n<i\vit effect of loheline and nicotine upon respiration 
i« <ine to {Isc action of tfiese stih'^tances in minute quantities 
on the cheiuonTeptor.*; of the carol i<l sinus body. In 193!) Eulkr, 
Ljuk-htr-^kij and Zottj:j:man* stndyint; the action potentials led 
Cifi frtmt iferineV nerve presented o.vidcnce for the view that 
these aicalnidH eyert tli»Mr s.tiinuiiitinti .action on the chcmorc- 
ceptivi' juerhani.Hin rcntr.'slly to the jioint, wlicrc oxygen lack 
and carbon dio.xide sttmnlaie. This view was further strengthen- 
ed when tin.' sain*' authors (I9il) were able to .«how that 5 — 10 
og acetylcholine introthic«’d into the carotid sinus of the cat 
via the e.^ternal carotiti<- artery gave ri.^e to n ma-ssivc vollej' of 
».!iort dnratioti of chemical impnise.c. 

The seat of action is be.^^t given by fig. 1. which show.s two 
rdtertmtivf; schemes: 

.1. The afferent neuron of llering'.s nerve tcrminatc.s around 
a ganglion tell hKrated in.'^idc the oarotido body. The adequate 
.‘'{imtili act upon the ('liemormqitor which is situated in intimate 
contact with the arterial blood-flow, while lobeline and nico- 
tine etc. act directlv n})On the synapse. 

B. The afferent neuron terminates around the .specific chemo- 
serisitive cells forming a junction which is .sensitive to lobeline 
etc. 
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Fig. 1. 


In both, cases the alcaloids are believed to exert their action 
directly upon the peripheral junctions of the afferent neurons 
from which we obtained the action potentials which we recorded. 
The very high frequency of response far exceeding the highest 
frequency observed when using very strong adequate stimuli, 
also speaks in favour of this view. 

These findings raise the question whether the action of these 
alcaloids on the chemoreceptive mechanism of the carotide body 
is of a specific nature or whether they exert a similar action upon 
other peripheral afferent mechanism. 

An easy way of approach seemed to be to study their effect upon 
the various receptor mechanisms of the tongue of the cat. Specific 
action potentials due to thermal, chemical and tactile stimub 
can be recorded from the lingual and glossopharyngeal nerve of 
the cat (ZoTTERMAN 1935, 1936). Small branches of these nerves 
were dissected out and freed from connective tissue and cold 
water, and diluted acetic acid was applied to the tongue in order 
to ascertain that the respective afferent fibres were functioning 
normally. Injections of lobeline, nicotine and acetylcholine were 
now introduced into the lingual artery via a cannula inserted 
into the thyroid artery. No effect whatever could be seen when 
applying in this way lobeline and nicotine in doses from 6 jug — 0.5 
mg. Neither the taste and cold fibres nor the tactile fibres showed 
any trace of an augmented activity. 

"With acetylcholin the effect was very much the same, the 
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only difference being, that this alcaloid produced fibrillations in 
the tongue which secondarily elicited a certain amount of tac- 
tile impulses. The acti%’ity of these tactile fibres was however 
of n low degree corresponding to the mechanical effect elicited 
by the acetylcholine. 

Thus neither loheline, nicotine nor acetylcholine when introdu- 
ced intrnarterinlly produce any stimulating affect upon any affe- 
rent mechanism of the tongue. The action of these alcaloids upon 
ihe chemoreccptivc mech.anism of the carotido sinus body must 
therefore be considered to be of a quite .specific kind. 
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Abelous and Bardier showed in 1908 that ether extracts of 
normal urine contain a pressor principle which they named 
urohypertensin. Certain observations in connection with a study 
on the pressor activity of normal and hypertensive urine (Eut.eb 
and Sjostrand, 1944) indicated that the chief pressor activity 
of urine cannot be ascribed to isoamylamine, a pressor amine 
isolated from urine by Bain (1914). An investigation of the nature 
of the ether soluble pressor substance in cow’s urine led to the 
isolation in considerable amounts of piperidine as crystallized 
picrate, which could be identified chemically and by biological 
tests (Euler, 1944). 

In the present paper it is shown that piperidine also accounts 
for the major part of the nicotine-like pressor activity inhuman 
non-smokers’ urine. 


Methods. 

The urine was collected for 24 hour periods from normal healthy 
persons. Since it has been observed by Helmeb, Kohlstaedt and 
Page (1939) that smokers’ urine regularly contains nicotine, which 
has an action qualitatively identical with that of piperidine, it has 
become necessary to use only non-smokers urine for these experiments. 
The urine was slightlj" acidified with sulfuric acid and concentrated in 
vacuo to about one fifth of its volume. It was then precipitated with 
three volumes of ethyl alcohol and left over night in the refrigerator. 
The alcohol was evaporated and to the watery solution sodium hy- 
droxide was added until pH 10 — 11. The extract was then subjected to 



PIl’KRIBIXE AS A COMSTrrOEXT OF HUMAN URINE. 381 

fluid extraction with ether for some three hours and the ether shaken 
with o— 10 ml of water to which sulfuric acid was added until the 
reaction remained slightly acid. 

After removal of the ether the extract, of which 1 ml corresponded 
to 100—200 ml of urine, was tested biologically against piperidine 
hydrochloride as a .standard on the blood pressure of the cat in chlor- 
alose anaesthesia. The specificity of the pressor action was tested bv 
repeating the to.sting after treatment of the animal wth cocaine hydro- 
chloride in a do.se of 10 mg pr kg intramuscularly, which abolishes the 
action of certain ]iressor amines such as tyramine and isoamylamine 
(Tainter, 1933). In some cases a moderate reduction in activity was 
observed, but inostl}’ the prc.ssor action was unchanged. 

The extracts were also examined as to their biological action on the 
i.solatcd rabbit's intestine. On this test object isoamylamine has very 
little action even in high doses, whereas piperidine — like nicotine — 
})rodncos intcn.se stimulation. 


Results. 

a) holoiioti and identification of the pressor principle. 

The prosvsor activity of the urine extracts was found to be dis- 
tillable with steam at alkaline reaction (pH 10). Extracts obtained 
by fluid extraction with ether were accordingly concentrated in 
vacuo t-o a small volume and 'distilled after addition of sodium 
<-nrbonate to ])H about 10. The distillate was neutralized Muth 
]ncric acid, and alcohol added to about 50 %. The solution was 
then left to cry.stallize at low temperature. The different frac- 
tions of crystalline ])icrates obtained vrcrc biologicallj'^ tested and 
the mo.st active fraction further purified, lifter repeated re- 
crv.stallizations uniform needle-shaped crystals were obtained, 
undistinguishable from piperidine picrate jmepared in the same 
wav. 

Of one prcjtarntion made from a great number of extracts the 
melting point of the cry.stallizcd picrate was 142° — 143° and that 
of tlie jnperidine picrate from synthetic piperidine (Heyl &■ Co) 
in the .same way was 144° — 145°. A mixture of equal parts of 
urine picrate and piperidine picrate melted at 143° — ^144°. De- 
termination of the picric acid content and base- nitrogen showed 
a good agreement between basc-picrate and piperidine picrate. 

b) Biological action of isolated pressor substance. 

Though the active principle was tested regularly during the 
course of purification again.st piperidine picrate as a standard 
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and finally found to equate this compound weight for Aveight 
with regard to the action on the cat’s blood pressure and on the 
isolated intestine of the rabbit, it was deemed desirable to test 
the relative effects also in other respects. The picrate could be 
tested without difficulties or obvious side effects in many cases, 
but for most of the tests the picrate was turned into hydrochlo- 
ride or sulphate and tested against the corresponding salts of 
pure piperidine. 

The pharmacological properties of piperidine have been in- 
vestigated by several authors since Moore and Row (1897) made 
their thorough study, Avhich clearly shoAved the close resemblance 
in action between piperidine and nicotine. 

The isolated active substance from human normal urine AA’as 
tested as to its action on the isolated intestine of the foAA'l, on the 
cat’s pupil, on the respiration of the cat and dog, and in the 
unanaestetized frog. In all these instances the action of the 
isolated active substance as hydrochloride Avas identical Avith 
that of piperidine hydrochloride. 

It could also be shown that the active extracts of hiiman urine 
from various sources (non-smokers) showed the same colour 
reaction as given by piperidine with sodium-/3-naphtho-quinone- 
4-8ulfonate. The quantitative agreement between the figures 
obtained from the colorimetrical and biological tests when com- 
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Fig. 1. A and B, blood pressure cat, chloralose. A. O.S mg piperidine hydrocldo- 
ride, J3. extract of 30 ml urino healthy male nonsmoker (U. R.) C. Isolated rabbit’s 
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Number 

173.. 

182.. 
184.. 
189 b 
189 c 
191 n 
198 a 


Tnble I. 


Jig piperidine hydrochloride per 100 ml urine 
Blood pressure cat Colorimetrically 


1.9 

O.S 

1.1 

2.5 
2.3 
1.1 

1.5 


1.7 

1.0 

1.1 

2.0 

2.4 

1.2 

l.G 


pared wdtli piperidine hydrochloride was good, as shown by the 
following table 1, which also includes some clinical cases. 

In smokers’, urine the colorimetrically found amount was reg- 
ularly less than the biologically found as might be expected since 
the biological activity of piperidine is only 1/15 — 1/20 of that of 
nicotine. 

The close agreement between the biological and the colorimetric- 
ally found acti\*ity in terms of piperidine, in conjunction with 
the chemical data seem to warrant the conclusion that the pressor 
acthity in normal urine chiefly consists of piperidine. 


Summary. 

Normal human urine from non-smokers contains piperidine up 
to 10 mg and more per litre, corresponding to a nicotine actmty of 
about 0.5 mg j)er litre. After ether extraction and steam destina- 
tion the- piperidine could be isolated as crystalline picrate, as 
previously demonstrated for cow’s urine (Euler, 1944). 

The pressor activity of ether extracts of normal human urine 
is chiefly due to piperidine as shown by a comparison of the 
biological action and the colorimetrically determined piperidine 
in urine extracts. 

Urine from horse, pig, cat and rabbit contains piperidine in 
similar amounts as in human urine. 
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Addendum. After this paper had been M’ritten, two articles in 
J. Physiol., 1944, 103, pp. 68 and 185 by Mary F. Lockett be- 
came available in this country. The acti\dty of her preparations 
of male urine (tobacco use not excluded) corresponded to about 
50 — 70 n g of nicotine and in female urine to 17 {.i g of nicotine 
base per litre. In our extracts, the total nicotine-like acthdty 
corresponded to some 300 /t g nicotine per litre on an average 
in non smokers’ urine. 
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Einleitung. 

In friiheren Arbcifen (Ekman 1940, 1941 und 1942) hat der 
Verfasser zeigeu konnen, dass die Ansscheidung von Urochrom 
A im Harn $owohl durch die Zufiihr von Askorbinsiuire als 
dnrch die Znfulir zyklischcr Verbindungen beeinflusst wird, imd 
ferner, dass Askorbinsiuire in vivo und in vitro zyklische Yer- 
biiidungen unter Bildung von Urochroni-A-iihnlichen Farbstoffen 
umwandelt. 

Die Versuche, in denen gezcigt wtirde, dass sich zyklische 
Verbindungen in vitro durch Askorbinsiuire unnvandeln lassen, 
fussten auf der Arbeit von Edlbacueu und v, Segesser (1937 a), 
in welcher diese Forscher zu dem Ergebnis gekommen waren, 
dass Imidazolverbindungen durch Askorbinsiiure oxydativ desa- 
rainiert werden. Ein geineinsainer Zug der von mir unlersuchten 
Reaktionen zwischen zyklischen A’erbindungen und Askorbin- 
siLure war indessen die Ent-stehung von Farbstoffen, die sich mit 
einer Urochrom- A-Bes(immungsmethodik (siehe unten) bestim- 
men liessen. Diese Farbstoffbildung blieb vollig oder fast ganz 
aus, wenn die Askorbinsiiure auf aliphatisclie Verbindungen ein- 
wirkte. Zur Beleuchtung dieser Verhiiltnisse diene Tab. 1, in 
der die Farbstoffbildung, ausgedriickt durch die Extinktions- 
wertc bei der Bestimmung von Urochrom A, bei Umwandlungs- 
versuchen mit Alanin und Glykokoll sowie mit zyklischen Deri- 
vaten dieser Arainosiiuren und mit einer einfachen aromatischen 
Verbindung verglichen wird. 

In einer Reihe von Arbeiten konnte indessen Abderhalden 
(1934—1938) zeigen, dass sowohl zyklische als aliphatische 
Aminosiiuren in ilhnlichen Versuchen wie den von Edlbacher 
und V, Segesser durchgefiihrten eine Umwandlung erfahren, die 
von Abderhaldex folgendermassen definiert wird: (die An- 
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TABELLE 1. 

Vergleich zwischen der Farbstoffbildung bei Umwandlung durch Askorbin- 
saure von einigen aliphaiischen Aminos&uren, von zyklischen Derivaten 
dieser Sauren, sowie von einer einfachen aromatischen Verbindung. 
Kolbenversuche (siehe Kap. II). Die Farbstoffbildung wird mit dem 
Extinktionswert bei Urochrom-A-Bestimmung angegeben (siehe Kap. II). 

Zusatz in samtlichen Versuchen: 352 mg Askorbinsilure, 13,0 mg Ferri- 
zitrat. FUr jede untersuchte Verbindung ist das molare Konzentrations- 
verhaltnis zu Askorbinsaure und Ferrizitrat a) 1:2: 0,05, b) 2:2 : 0,O5. 
pH 5,8. Versuchszeit 18 Stdn. 



Alanin 

Glykokoll 

Phenyla- 

hmin 

Histidin 

Hippur- 

siiure 

Phenol 


a 

b 

a 

II 

D 

n 

m 

D 

a 

b 

a 


Zusatz in mg 

89 

178 

75 

150 

165 

230 

155 

310 

179 

358 

94 


Urochrom A 

E. 

0,12 

0,12 

CO 

o 

0,17 

0,67 

1,0 

0,92 

• 

1,6 

0,80 

0,88 

0,67 



nahme wird bestatigt, dass) »Ascorbinsaure bzw. die aus ihr sich 
bildende Dehydroascorbinsaure bei Anwesenheit von Sauerstoff 
(und von Eisen) aus Monoaminokarbonsauren unter Ammoniak- 
und Kohlensaureabspaltung die um ein Koblenstoffatom ameren 
Aldehyde hervorgehen iasst». 

Nacli Holtz (1936 a) kann Askorbinshure als ein Oxydations- 
katalysabor fur ungesattigte Fettsauren auftreten, und (1936 b) 
sie iibt eine »Induktionswirkung» auf die Oxydation von 
Zucker aus. 

Parrod (1938) gibt an, dass bei Oxydation von Askorbin- 
saure in Anwesenheit von Ammoniak oder jiriinaren Aminen 
sich Oxamide bilden. 

Leibowitz und Guggenheim (1938) zeigteh, dass Kaliumzyanid 
in vitro durch Askorbinsaure entgiftet wird. 

Askorbinsaure besitzt also die ausgesprochene Fahigkeit, in 
vitro Verbindungen von ganz unterschiedlicher Zusammen- 
setzung anzugreifen. 

Es erschien von betrachtlichem Interesse, zu untersuchen, ob 
irgendwelche von diesen Askorbinsaurereaktionen auch physio- 
logische Bedeutung haben, sowie gegebenenfalls den chemischen 
Verlauf eingehender zu studieren. Das Untersuchungsmaterial 
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musste dabei zwaiigslaufig beschriinkt werden, and im Hinblick 
auf das cbarakteristische Aaftreten geaisser Farbstoffe bei der 
Umwandlung zyklischer Yerbindungen, soAvie in Anbetracht des- 
sen, dass diese sich Avahrscbeinlicb leicbter quantitativ bestim- 
men. liessen, sind die Untersucluingen in der vorliegenden Arbeit 
auf gewisse zykliscbe Yerbindungen beschriinkt worden. 
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findet sich bei Neubauer-Huppert (1913), und von den alteren 
Arbeiten sei bier nur kurz auf die von Garrod, Dombrowski, 
Hohlweg nnd Weiss eingegangen, auf denen die neueren Unler- 
suchungen weitgehend zu fussen scheinen. 

Gakrod (1894) isolierte sein Urochrom in der Weise, dass er den Harn 
dutch Sattigung mit Ammoniumsulfat zunSchst von anderen Farbstoffen 
befreite und dann dutch Zusatz von Alkohol zum Filtrat eine urochtom- 
haltige Alkoholschicht ethielt. Die Losungsvethaltnisse waten dieselben 
wie bei Dombrowskis Utochtom (siehe unten). Eine Elementatanalyse hat 
Garrod nicht votgenommen, doch gab et an, der Farbstoff sei stickstoff- 
haltig. Garrod war der Meinung, er konne das Urochrom, indem er es 
mit Azetaldehyd behandle, in Urobilin verwandeln, und nahm demgemSss 
an, die Gallfarbstoffe seien das Ausgangsmaterial der Urochrombildung. 

Dombrowski (1908) isolierte sein Urochrom, indem er es mit 
Kupferazetat aus einem Harn ausfallte, der vorher von Sulfaten 
und Phosphaten befreit worden war. Bei quantitativen Bestim- 
mungen arbeitete Dojibrowski teils mit Fallung des Urochroms 
mittels Kupferazetat und anschliessender Stickstoffanalyse der 
Fallung, teils mit einem Verfahren, das sich auf die Fahigkeit 
des Urochroms griindet, Jodstlure unter Abscheidung von Jod 
zu reduzieren. Die beiden Methoden lieferten tibereinstimmende 
Ergebnisse. 

Dieses Urochrom konnte eine Losung von Ferrizyankalium- 
Ferrichlorid unter Hervorbringung von Berlinerblau reduzieren. 
Es war in Wasser leichtloslich, in absolutem Alkehol schwer- 
loslich, in 90 % Alkohol loslich und konnte mit Ather aus der 
alkoholischen Losung gefallt werden. Es reagierte sauer. Die 
Elementatanalyse zweier Priiparate hatte folgendes'' Ergebnis: 
C: 45,32 43,42; H: 5,2g 0 , 33 ; N: 9,49 10,78; S: 5,59 5,89; 0: 34,34 34,58. 

Die von normalen Versuchspersonen pro Tag ausgeschiedene 
Menge betrug 0,37 — 0,69 g. Verabfolgte man eine reine »Milch- 
kost» (Milch und Kartoffeln), so nahm die Ausscheidung ab, 
ging man zu fleischreicher Diat ttber, so stieg die Ausscheidung. 
Unter krankhaften Verhaltnissen war die Ausscheidung gestei- 
gert, besonders bei Typhus und Leberzirrhose. Dombrowski 
betrachtete das Urochrom als ein Eiweissabbauprodukt. 

Dutch Kochen mit Sauren konnte das Urochrom in ein Melanm 
umgewandelt werden. 
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Houlweg (1908) isolierte ein Urochrom, indem er aiis einem Earn, der 
durch Fallung mit Clilor-Kalzium in alkalischem Milieu von den tibrigen 
Farbstoffen belreit worden war, das Urochrom an tierische Kohle adsor- 
bierte und dann mit Eisessig eluierte. Die Loslichkeitsv'erhaltnisse seines 
Priiparats stimmen mit denen des DoMBROWSKischen Urochroms uberein. 

Die Elementaranal 3 -se zeigte indessen, dass es keinen Scliwefel ent- 
bielt: C: 47,58 %, H: 0,30 %, N: 9,89 %. 

Hohlweg nahm an, dass der Schwefelgehalt in Dombrowskis Urochrom 
eine Verunreinigung gewesen sein miisse. 

Ein gemeinsamer Zug dieser UrochromprSparate ist, dass sie sehr leicht 
zerstort werden und grosse Eeaktionsbereitschaft zeigen. 

Gaerods, Dombrowskis und Hohlwegs Urochrome wurden im 
allgemeinen, trotz der hinsichtlicli des Isolierungsverfahrens und 
der Zusammensetzung bestehenden Unterschiede, als ein und 
derselbe Stoff betrachtet, und als der Stoff, der dem Earn haupt- 
sachlicb seine Farbe verleiht. 

Dies bestritt indessen Weiss (1911). Er meinte, Dombrowskis 
Urochrom babe keine grossere Bedeutung filr die Farbung des 
Earns. Diese sei vielmehr durch ein Urochromogen bedingt, das 
sich durch leichte Oxydation (z. B. mit Kaliumpermanganat) 
in ein s>echtes» Urochrom umw’-andeln lasse. Sowohl das 
DoMBROWSKische als das WEisssche Urochrom gehdren s. E. der 
»Proteinsaurefraktion des Earns» an, d. h. den Verbindungen, 
die in Wasser Ibsliche, durch Alkohol fallbare Barytsalze bilden. 
Weiss hielt sein Urochromogen fiir den Triiger der EHRLicnschen 
Diazoreaktion im Earn. 

Bei quantitativen Bestimmungen beseitigte Weiss storende Farbstoffe 
mit Ammoniumsulfat und verglich dann die Farbe des Filtrats mit einer 
Losung von Echtgelb, toils direkt, teils nacli Zusatz von Kaliumper- 
manganat. Im ersteren Falle erhielt er einen Ausdruck fiir den urspriing- 
lichen Urochromgehalt, im letzteren einen Wert fiir den urspriinglichen 
Urochromgehalt einschliesslicli des aus dem Urochromogen gebildeten 
Urochroms. Das Verfah»enUieferte nur relative Werte. Die Werte des 
Urochromogens andern sich nach Weiss stets parallel zur Starke der 
EhRucHschen Diazoreaktion. 

Weiss erkliirt, sein Urochrom und Urochromogen unterschieden sich 
deutlich von Dombrowskis mit Kupferazetat ausfallbarem Urochrom. Beide 
kbnnen mit Bleiazetat gefiillt werden, doch lost sich Dombrowskis Uro- 
chrom bei Zusatz verdUnnter Essigsaure, wahrend das WEisssche Uro- 
chrom in Fallung verbleibt. 
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Die Arbeiten der obengenannten Aiitoren begriindeten eine 
umfassende Urochromforschung, die indessen reoht wider- 
sprechende Ergebuisse gezeigt hat, da nach wie vor keine 
einheitlichen Substanzen haben iintersucht werden konnen. Hier 
sei nur auf diejenigen Arbeiten eingegangen, die dutch eine 
definierte Methodik Oder dutch Analyse der isolierten Prapa- 
rate einen Vergleich mit dem dutch Kupferazetat ausfallbaren 
Urochrom erlauben, das in der voriiegenden Arbeit abgehan- 
delt wird. 

Pelkan (1920) bestimiuto toils die totale Harnfarbe, toils die Restfarbe 
nach Beliandhing dos Hams mit Bleiazctat, welch letztere ^contained 
urochronio ns the principal coloring matter*, und konnte feststellen, dass 
beide Farbfraktionen dutch den Proteingehalt der Nahrung beeinflusst 
werden. Er sah. dass eine vcrminderte Eiweisszufuhr eine starkc Farb- 
vennindorung zur Folgo hatte, wlihrend hingegen vermehrter Eiweiss- 
verzohr nur cine vcrhJiltnismSssig viel geringero Farbverstarkung be- 
wirkto. Indessen stelltc es sich hcraus, dass, uni FarbvorJinderungen her- 
vorzurufen, solchc Proteine vonvendct werden mussten, die zyklische 
AniinosiUiren enthielten. 

Roae (1921) konnte inittels ciner auf dem GARRonschen Isolierungsver- 
fahren fussenden Methodo zeigen, dass Kaninchen. wenn sie chlorophyll- 
haltige Pflanzcnteile verabrcicht bekommen, grosse Mengen eines Farb- 
stoffs atissclioiden, der nicht mit Ammoniiimsulfat gef.'illt werden kann 
und der in Alkohol liislich ist. Roae nimmt auf Grund dieser Unter- 
suchungen an, dass es sich bei dem Urochrom um ein Chlorophyllderivat 
liandelt. 

Bei Untersuchungen (iber die Ursachc der EnRi-iCHSchen Diazorealction 
im Harn konnten Hermanns und Sachs (1921) sowic Hermanns (1922) 
zeigen, dass man es hier nicht mit einem einheitlichen Stoff zu tun hat. 
Friiher versuchte man im allgemcinen, Stoffe zu isolieren, welche die 
EiiREicusche Hcaktion auslOstcn, diese Forsclicr aber isolierten, statt des- 
sen die Farbstoffe, die durch FCoppelung an das EiiREiciische Reagens ent- 
standon. Sic konnten zeigen, dass ein soldier Farbstoff im Harn eines 
Patienten mit Leberkrebs eine Oxyindolcssigs'iurc enthielt, wahrend ein 
Diazofarbstoff aus dem Harn eines TuberkuUisen eine Verbindung enthielt, 
die man als ein inehnvertiges Phenol (wahrschcinlich ein im Benzolkern 
oxydicTtes Kumaron) ansprechen zu kOnnen glaubte, das bei Hydrolyse 
Schwefel-Siiure liefertc. Sie kamcn zu dem Schluss, dass »da& Wesen der 
EuRi.tcHschcn Diazoreaktion auf der Ausscheidung phenolartiger Stoff- 
wechselproduktc beruht und sicherlich anzusehen ist als der Ausdruck 
eines toxischen Eiweisszerfalls*. 

Weiks hat in zahlrcichen Arbeiten seine Untersuchungen iiber das 
Urochrom fortgesetzt, sich dabei aber fast ausschlicsslicli fiir die Be- 
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ziehungen desselben zur EHRUCHSchen Diazoreaktion interessiert. Er halt 
an seiner alten Anschauung fest, dass die Ursache dieser Reaktion das 
Urochroihogen sei. Hier soil nur auf die Untersuchungen eingegangen 
■\verden, die den Eigehcharakter des Urochroms und des Uroehromogens 
beriihren. 

In einer Arbeit (1920 a) legt Weiss ein Verfahreri zur Fraktionierung 
der Farbstoffe des Hams vor. Dieses besteht in der Ausfallung einer 
x-Urobilinfraktioni’ mit Hilfe von Bleiazetat. Durch Zusatz von Lauge 
zum Filtrat bekommt man eine in verdiinnter EssigsUure lOsliche Fallung, 
die aus einer »Urochromfraktion» besteht. 

Diese Urochromfraktion dunkelt nach, und zwar infolge der Anwesen- 
heit von Urochromogen, das iiber Urochrom zu einem Melanin werden 
kann. Dieses Nachdunkeln, das besonders in alkalischem Milieu hervor- 
tritt, -will Weiss durch die Anuahme erklaren, dass die Farbstoffe ein 
Polyphenolderivat enthalten. Die Urochromfraktion ist stickstoffhaltig, 
IQst aber keine ADAJiKiEwicz-LiEBERMANNsche Reaktion aus. Sie kann nicht 
mit Ammoniumsulfat ausgesalzt werden. Das Melanin und damit auch 
Urochrom und Urochromogen sind schwefelhaltig — in einer spateren 
Arbeit (1923) beziffert Weiss den Schwefelgehalt des Melanins auf 3,5 % 
organisch gebundenen Schwefel. Nach Weiss (1920 b) besteht kein Zu- 
sammenhang zwischen der Kost und der Urochromausscheidung, sondem 
das Urochrom ist als »intermediare, ausschliesslich dem Gewebszerfall 
entstammende Stoffwechselprodukte* aufzufassen. Das Ausgangsmaterial 
der Urochrombildung sind nach Weiss’ An&icht Phenylalanin und Thyro- 
sin Oder Derivate dieser Stoffe, und als Bildungsort betrachtet er die 
Nieren. 

Fischer und Zerweck (1924) isolierten Urochrom aus 1600 Liter Earn 
nach einem Verfahren, das sich von dem im allgemeinen angewandten 
unterscheidet. Der Hafn wurde im Vakuum eingedampft, und von den 
sich bildenden Kristallmassen wurde ein sirapahnliches Konzentrat ab- 
gesaugt. Das Konzentrat wurde durch Dialyse gereinigt, und nach voll- 
standiger Dialyse konnte der Farbstoff durch Zusatz von Saure in Flocken 
ausgefallt werden. Auf diese Weise wurden 50 g Urochrom isoliert. 
Die Elementaranalyse hatte folgendes Ergebnis: C 52 %, H 6 %, N 11 %, 
S 2 %. Der Farbstoff konnte nicht in kristallinischer Form dargestellt 
werden. Er loste keine Pyrrolreaktion aus und die EHRLiCHSche Reaktion 
war negativ. Bei der Hydrolyse zeigte es sich, dass er Thyrosin, Histidin 
und Arginin enthielt. Die Verfasser sind der Meinung, dass er als ein 
Eiweissabkbmmling aufzufassen sei, der gewisse Ahnlichkeiten mit den 
OxyproteinsSuren habe und wahrscheinlich vom Muskelfarbstoff stamme. 
Die Analysen legen den Schluss nahe, dass es sich um einen Stoff von 
komplizierter Zusammensetzung handelt, und die Autoren machen auch 
gewisse Vorbehalte in bezug auf die Einheitlichkeit geltend: »Naturlich 
ist der Einwand nicht von der Hand zu weisen, dass der farbende Bestand- 
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teil otwa? .nnaere? ist. etwa nls Vcninreinigung im EhvcissabkOmniling 
angehiiult i?t.> ° 

l’.',u.r,rAn' (1924) mehuo wigen zn kbiinpn, dnss dcr Farbstoff, der nach 
G.w.noD unu boliert wcTdcn kann, Glykuronsaurc enthUlt. 

(1P27) pab rino Motbodc ziir Ilcyliinmung von Urochrom an, 
die pant rinfach aus cinom dirokten Kolorirnotricren des gut gcfilterten 
Harns bcPtebt. Aif Bcwci? daffir, da?? die totale Ilarnfarbe ausschliesslich 
durch da? iTOobroin bf?lritten werdo. dionfe ihm folgender Versuch: Der 
Harn 'winl mit Kalrininoxyd und AmmoniumsuUat bcliandelt. Es ent- 
?teht oin Nu'derfchlag, der bei nornialen Harn an? cUva 80 % dor Gesamt- 
farbe bwfeht Der Xjcden-'oblng wird mit Wahstu gewasebon, die?cs -wird 
eingedampft* und legt man don Best dann z\\ doin nr?prnngliclien Filtrat, 
fo erh-lU man audt die urspnlnglirhe Farbstarke zuriick. Der Verfasscr 
folgerto darati?. dafs der crhalfenc Niodcr?cb!ng nur initgcri?senes Pig- 
ment und nicht da? I’rodukt c-iner wirklichen Fiillung war; da?s der Earn 
nbo tinr mit Animonium?tilfat niebt f.'illbare Farb?{offo. d. b. Urochrom 

r-ntbaUe. 

Mit differ Meibode land DnviiKiN, da?? die UrocIiromau?scbcidnng bci 
Fa?fen. Inn 7.5!f«br von SrdrAliiite. bci l?A?!it'Ow?cbor Krankbcit, Diabetes 
nnd Typbii? sunimint. 


In einor fprileren Arbeit moint DnttiKiK (1080) diese? Urochrom mit 
n-l5«tylaikf>b(>1 lei eirom jdi von otwa -J extrabieren ?.n kOnnen. Es 
Hegen koine peweite dafiir vor, daf> diescr isolierte Farbstoff allcin die 
KarW- do? ifarn? bewirkte. d.h. nadi Di’.ahkik Urociirom wfirc, docli ist 
der Farbftoff eintr eincobenden Untersnehung nnterzogen worden, die 
von InS'-n-.s'?c i‘t. Die Lr.«]icbkeit?vf;rli:l!fni??e ftimmen mit den fiir das 
Dc?!i'm'.''ir.>K;?cb»> Urorhrotn gofutiiio'P.rn Oberein. E? ist scbwacb rcdiizie- 
rond. kann alwr dod?Iii!re nicht reduzieren. Eino Sll-Oruiipc war niebt 
nsch?.uwei?en. dndi wurde dor richwefelgebalf mit O.ci To ermillelt. Der 
Farlf.-tof? lioferto negative Jliuretroaktion, sclnvacli jjositivo Adaukiewicz- 
Ke.iktion. po?itive Mn.txer-Meaktion. l^r kann (iurcb Keduktionsmittcl 
entfStbl Averden v.nd dann ?o5no Farbe d\irch '/.nsatz von Wapserstoff- 


Mipcroxyd j.ur(ickg*'winnen. Fine rliromatograpbipciie Unfersnebung er- 
gaii. da?? e? ?ii-b tint einen eirilu itlirhen Farbstoff liandeln diirfte. Die 
Aiip^rheidting pro Tag belief sirli l)ei nonnalcn Individnen auf 73 mg. 

In oiner Arbeit bber den Zusainmoribang zwipclicn Tryptophan iind 
Urochrom referieren Kotame iind Sakata ( 3030) Untcrsuchungen von 
Ta;.-! (iber den EfUkt (U-r Zufnlir von Thyropin, PJicnylalanin, Ilistidin, 
C-ystin iind 'fryptopban auf die Anpsciifidting von Urochrom, das nach 
den! W5;t"?<‘ben Verfnbreii beptimiut wiirde. Mit Trj’ptopban crziclte 


Tani cine ?’.aTkf Steigoning, AvUbrend die tlbrigcn Aniinos.'iurcn keine 
Wirkung batten. Kotakj; und Sakata wiederholton die Versuebe mit 
Tryptophan und m.nchten aupFcrdem Vcrsuclie mil cinern Zerfallsprodukt 
dicHCS .«toffe.», dern Kynttrcnin, und konnten die Befunde Taxis sowohl 
im Tiervorpuch fICanineben) aks im Hclbi-tvcrsuch bestiitigen. Die Uro- 
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chrombestimmungen machten sie sowobl nach Weiss als nach Dohbrow- 
SKis Jodmethode, ausserdem wurden die Diazowerte nach Ehrlich veriolgt. 
Alle Verfahren lieferten iibereinstimmende Ergebnisse. 

Barrenscheen und Dell’ Acqua (1930) konnten zeigen, dass die redu- 
zierende FSbigkeit des normalen Hams auf gewissen Farbstoffen benibt, 
die sicb durch eine Methylalkobol-baryt-LOsung als ein Bariumsalz aus 
ibrer alkobolischen Ldsung ausfallen lassen. Die Eigenschaften der iso- 
lierten Farbstoffe stimmen »im Wesentlichen mit den Eigenschaften des 
Urochroms von Dombrowski» liberein. Zur quantitativen Bestimmung 
dieser Hamfarbstofffraktion bedienen sicb diese Autoren der Fahigkeit 
der Farbstoffe, eine Ferrichlorid-Ferrizyanidlosung zu Berlinerblau zu 
reduzieren, und sie legen diese Eigenscbaft einem kolorimetrischen Ver- 
fahren zugrunde. Es zeigte sicb, dass die Farbstoffe freie SH-Gruppen 
enthielten, und durch Blockieren derselben mit Formaldehyd konnte 
gezeigt werden, dass die ReduktionsfShigkeit sowobl durch SH-haltige 
als aucb andere Farbstoffe bedingt war. Auch fur die quantitative 
Bestimmungsmethodik liess sicb eine solche Fraktionierung durchfUhren. 
Bei Untersuchungen am Menschen zeigte es sicb, dass die Ausscheidung 
beider Fraktionen im Earn durch Verabfolgung einer eiweissarmen, 
vegetabilischen Kost gesenkt und durch eiweissreiche, vegetabilienanne 
Kost gesteigert werden konnte. Im letzteren Falle wurde ganz besonders 
die Ausscheidung der SH-haltigen Fraktion gesteigert. Die Autoren 
nahmen an, dass es sicb bei der SH-baltigen Fraktion um Urochrom 
handle. Rechnete man die Reduktionswerte fiir diese Fraktion mit Hilfe 
der DouBROWSKischen Prozentzahlen fiir Schwefel in Urochrom um und 
verglicb mit den Urochromwerten, die in demselben Ham mit Doubrow- 
SKis Jodsbureverfahren gefunden wurden, so ergab sicb eine sebr gute 
Obereinstimmung. 

Die nicht sulfhydrylhaltige Fraktion spracb man als ein PoljTphenol 
an, eine endgiiltige ErklSrung seiner Zusammensetzung konnte man 
nicht geben. 

Erneute Untersuchungen dfer Harnfarbstoffe machten dann 
Heilmeyer und seine Mitarbeiter (1930 und 1934) unter Ver- 
•wendung des Znissschen PuLPHRicnphotometers. Heilmeyer unter- 
scheidet zwischen nicht mit Ammoniumsulfat fallbaren Farb- 
stoffen (Fraktion I), Urochrom A, und mit Ammoniumsulfat 
fallbaren Farbstoffen (Fraktion II), Urochrom B, Urobilin imd 
Uroerythrin. Urochrom A bestreitet etwa 35 % der normalen 
Harnfarbe und. entspricht dem WEissschen Urochrom. Zum 
Unterschied von Weiss bestreitet aber Heilmeyer jeden Zusam- 
menhang des Urochrom A mit der EHRLicnschen Diazoreaktion, 
und ferner weist er darauf hin, wie unspezifisch die WEisssche 
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Pennanganatprobe sei. Weiter kann Heilmeyer zeigen, daas eine 
Bleiazetatfaihmg anderer Farbstoffe als Urochrom A mengen- 
massig ganz von der Menge des Fallungsmittels und von der 
Menge der Phosphate im Ham abhangig ist. Das Piltrat zur 
quantitativen Urocbrombestimmung zu verwenden (wie es z. B. 
Pelkan getan hat), kann also nicht zuverlassige Eesultate geben. 

iInvA (1935) gibt an, die WEisssche Urochromfraktion sei stets mit 
Glykose, aromatischen Oxysituren, Hamsaure und Brenzkateckinester 
verunreinigt Dieser letztere liefert bei Hydrolyse Brenzkatechin, was die 
EHRLiCHScbe Diazoreaktion ausibsen kann. Miwa meint, dass das Brenz- 
katechin den von Herjianns und Sachs als Ursache der Diazoreaktion 
vermuteten phenolartigen Stoffwechselprodukten entspreche. Von der 
WEissschen Urochromfraktion war angegeben. sie lose eine Pyrrolreak- 
tion aus. Miwa ist der Meinung, dass diese durch einen Indolkorper 
bedingt wird. der auch die Diazoreaktion auslbsen kbnne. Durch das 
Vorkommen sowohl eines Brentzkatecbinesters als einer Indolverbin- 
dung, die beide ebenso wie das Urochromogen als solches die Diazo- 
reaktion herbeifuhren konnen, erklart es sich, dass die Diazoreaktion 
nicht immer parallel zur Urochromogenmenge verlauft. Die Urochromo- 
genausscheidung sei besonders bei fieberhaften Krankheiten gesteigert. 

Stellt man die WEisssche Urochromfraktion dar. so erweist sie sich als 
schwefelfrei. 

Rangier (1935) isolierte ein Urochrom, indem er in schwach essigsau- 
rem Milieu Ham mit tierischer KoMe schtittelte und dann mit verdiinn- 
tem Ammoniak eluierte. Das Eluat wurde durch Dialyse gereinigt, und 
nach Eindampfen blieb ein amorphes UrochromprUparat zuriick. Die 
Elementaranalyse ergab folgende Zusammensetzung: C 51 %, H 5,9 %. 
N 12 S 2 %. Der Farbstoff war in Wasser und verdiinntem Alkohol 
leichtlbslich, >in den gebriluchlichen organischen Lbsungsmittelns aber 
unlbslich. Er konnte durch Zusatz von Natriumhydrosulfit entfSrbt werden 
und gewann seine Farbe zuriick, wenn man ihn an der Luft stehen liess. 

(Der isolierte Farbstoff konnte eine komplexe Verbindung mit Ham- 
sSure eingehen, deren "Wasserlbslichkeit hierdurch erheblich gesteigert 
wurde.) 

1938 fanden Rangier und Traverse, dass man durch Hydrolyse des in 
der oben angegebenen Weise isolierten Urochroms mit verdiinnter Schwe- 
felsSure eine kristallisierende Substanz erhalten konnte, die sich als 
Indox 5 'I erwies. Bei fortgesetzten Untersuchungen (1939) konnten sie 
zeigen, dass ihr Urochrompraparat auch GlykuronsSure enthielt. Sie 
nahmen an, dass das Urochrom aus Polypeptidketten aufgebaut ist, die 
durch Glykuronsdure an Indoxyl gebunden sind. 

Bei einer Durchsicht des vorstehend referierten Schrifttums 
fallt es auf, dass die Autoren, die quantitative Bestimmungen 
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der Urochromausscheidung im Harn gemacht haben, diese im 
allgemeinen mit dem Eiweissstoffwechsel ia Verb in dung bringen 
und sie in mebreren Fallen sogar durcb Einverleibung ver- 
Bcbiedener Eiweissstoffe oder zykliscber Aminosauren mit der 
Kost beeinflussen konnten. 

Man bat mebrere der quantitativen Bestimmungsmetlioden 
kritisiert, und zwar sowohl aus dem Gesichtspunkt, dass die 
Methodik Urocbromverluste mit sicb bringe, als aucb aus dem 
entgegengesetzten, namlicb dass die Metbodilc nicbt spezifiscb 
sei. Wenn trotzdem im ganzen ubereinstimmende Kesultate er- 
zielt werden konnten, so lasst sicb dies vielleicbt dadurcb er- 
klaren, dass das Urochrom wirklicb der »Hauptfarbstoff» des 
Hams ist und auf diese Weise die Resultate trotz der Mangel 
der angewandten Metboden beberrscben konnte. 

Aucb vom qualitativen Gesichtspunkt aus lassen sicb mebrere 
gemeinsame Eigenscbaften bei den untersucbten Urocbromprapa- 
raten feststellen, selbst wenn sicb diese anscbemend in wesent- 
licben Punkten voneinander unterscheiden konnen. Yersucht 
man, aus den vorliegenden Untersucbungen ein »Durchschnitts- 
urochrom» berauszuscbalen, so diirfte dieses folgende Eigen- 
schaften haben: 

1. Es ist mit Kupferazetat und allcoboliscber Baiytldsung 
fallbar. Es kann an tierische Kohle adsorbiert werden. Es lasst 
sicb nicbt mit Ammoniumsulfat Oder Bleiazetat fallen. 

2. Es ist in Wasser leicbtloslich, in 90 % Alkobol Idslicb, 
in absolutem Alkobol schwerldslich, in Ather unloslich. 

3. Es reagiert sauer. 

4. Es hat reduzierende Eigenscbaften, wahrscbeinlich bedingt 
durcb SH-Gruppen, Glykuronsaure Oder Oxydationsprodukte 
von Pbenolen. 

5. Es ist stickstoffhaltig. 

6. Seine eventuelle Fahigkeit, mit dem EnELicHscben Reagens 
Diazofarbstoffe zu bilden, diirfte auf Brentzkatechin Oder an- 
deren Phenolabkdmmlingen sowie Indoxyl beruhen, die in dem 
Urochrommolekiil enthalten sind. 

7. Es kann durcb Reduktionsmittel in eine farblose Form 
(einem »Urochromogen» entsprechend) gebracbt und dann durcb 
Oxydationsmittel in die farbige Form zuruckgefuhrt werden. 
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Es ist in keinem Falle gelungen, ein kristallinisclies Praparat 
darzustellen, und nur in einem Falle (Drabkin) ist versucht wor- 
den festzustelleii, ok ein einheitliclier Farbstoff vorgelegen bat 
Oder nicht. Es ersclieint naheliegend, dass die Unterscbiede liin- 
sichtlich Eigensohalten und Zusammensetzung, die in gewissen 
Fallen zwischen den Prliparaten der einzelnen Forscher bestehen, 
durch das Vorhandensein von Verunreinigiingen erklart werden 
kdimen. Dies kann z. B. die Erklanmg fur die sicli wider- 
sprecbenden Angaben betreffend den Schwefelgebalt des Uro- 
cbronis sein. 

Eine weitere Mbglichkcit zur Erklaning der Unterscbiede in 
den Eigenschaften diirfle darin gesehen werden kcinnen, dass 
das Urocbroin verschiedene Oxydationsstufen aufweisen zu kon- 
nen scbeint und dass unterschiedlicbe Isolierimgsverfahren mehr 
Oder weniger vollstiindig oxydierte Priiparatfe geliefert baben. 

Ziisammcnfassend diirfte man annehmen kdnnen, dass es sich 
bei der Urochroinforschung letztiicb nin ein und denselben Farb- 
stoff gedrcbt bat, dass aber die Instabilititt und das Vorkommen 
von Verunreiniguugen in den isolierten Pniparaten einer einheit- 
liclien Anschauung betreffs der Eigenschaften des Stoffes bin- 
dernd im Wege gestanden baben. 

In eigenen Versucben (Ekman 1940 und 1942) konnte gezeigt 
werden, dass die Ausscbeidung von Urochrom A (Bestimmungs- 
methode sielie Kap, II) nach Zufiibr von Eiweissstoffen, Phenol 
und Thyroxin ziinahm, dass aber Chlorophyll keine Einwirkung 
ausiibte. Durch Einverleibung von Askorbinsaure im Uberschuss 
sank die Uroclirom-A-Ausscheidung, bei Skorbut und rela-tivem 
C-Vitamin-Mangei stieg sie an. 

Bei Studien iiber die Umwandlung zykiischer Verbindnngen 
durch Askorbinsaure in vitro konnte gezeigt werden, dass diese 
Umwandlung unter Bildung von Farbstoffen erfolgte, die sich 
mittels des DojiBROWsicisclien Verfahrens isolieren Hessen (S. 13). 
In vorliiufigen Untersucliungen legten sie dieselben Eigenschaf- 
ten an den Tag, die das nach demselben Verfahren aus Harn 

isolierte Urochrom kennzeichnen. 

Wenn man von dem festgestellten Zusammenhang zwischen 
Urochrom- A- Ausscbeidung und Zufiihr von Vitamin C absieht, 
stimmen also die Ergebnisse der Versuche in vivo mit denen 
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der friiheren Autoren iiberein. Die Eigenschaften der in vitro 
gewonnenen Farbstoffe befinden sich ebenfalls im allgemeinen 
in Obereinstimmung mit den in den obigen Zusammenfassung 
gemacbten Angaben. Gewisse von diesen Farbstoffen wurden 
jedoch bei Versuchen in vitro erhalten, in denen keiner der 
reagierenden Stoffe Stickstoff Oder Schwefel enthielt, weshalb 
also auch diese Farbstoffe keines dieser Elemente enthalten 
konnen. 


11. Vitamin C und Farbstoflbildung (Pigmentierung). 

In Studien fiber den Oxydationsvorgangen bei Pflanzen 
maclite Szent-GyOrgvi (1925, 1930, 1934) die Feststellung, dass 
die charakteristiscbe Farbe, die beschadigte Pflanzenteile zu 
zeigen pflegen, ausbleibt, wenn das GeWebe Askorbinsaure ent- 
hait. Diese Beobachtung vergleicht er mit der Tatsache, dass 
man durch Einverleibung von Askorbinsaure bei Morbus Addison 
die charakteristiscbe Pigmentierung zum Verscbwinden bringen 
konnte. 

Spater erzielten Morawitz (1934) und Gutzeit (1935) einen 
Riickgang der im Zusammenhang mit krankhaften Zustanden 
des Magendarmkanals auftretenden Hautpigmentierung durch 
Einverleibung von Vitamin C. Bei Versuchen, experimentell 
einen Zusammenhang zwischen Askorbinsaure und Pigmentie- 
rung nachzuweisen, konstatierte Schade (1935), dass die Pig- 
mentierung, die bei Bestrahlung mit einer Hohensonne-Lampe 
aufzutreten pflegt, bedeutend weniger stark ist, wenn die Ver- 
suchsperson vorher 10 Tage lang 200 mg Askorbinsaure taglich 
bekommen hat. In einem ahnlichen Versuch, wahrscheinlich aber 
mit kleineren Mengen Vitamin C, sah jedoch Drigalski (1934) ein 
negatives Resultat. 

In diesem Zusammenhang ist zu ervvahnen, dass Kahler und la Croix 
(1935) zeigen konnten, dass nach intensiven Sonnenbadern in mehr als 
der Halfte der untersuchten Falle im Earn eine positive »Melanogen-> 
Eeaktion nach ThormAhlen zu verzeichnen war. Bei Zufuhr von Askor- 
hinsaure (150 mg pro Tag) wurde die Reaktion negativ. 

Man hat versucht, die Hemmung der Pigmentbildung in der Haut durch 
verschiedene Versuche in vitro zu beleuchten, und man ist dabei von der 
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BLOCHSchen (1917) Theorie vom Dioxyphenylalania (Dopa) ala Pigmeat- 
muttersubstanz und Pigmentbildung dutch eine besondere Dopaoxydase 
ausgcgangen. ^hroeder (1934) und GrOnebero u. Schade (1934) konnten 
zeigen, dass die Dopareaktion (Dunkelwerden von Gewebsschnitten in 
eincr Dopalbsung) verhindert wurde, wenn man der VersuchslOsung 
Askorbinsilure zusetzte. Gleichsinnigo Ergebnisse crzielten Fantl und 
Fessler (1935), doch vreisen eie darauf hin, daas die Afikorbinsaure, um 
wirksam sein zu kOnnen, in einer Konzentration vorhanden sein muss, 
die unter phyEioIogischen Bedingungen nur eelten gegeben ist (tlber 
2mg%). DemgegenUber ware indessen horvorzuheben, dass man bei Aus- 
fahrung der Dopareaktion mit eincr Dopakonzentration arbeitet, die eben- 
falls nicht unter physiologischcn Verhaitnissen vorkommt (0,i % Dopa- 
Ifisung). 

Abderhalden (1934 und 1936) konnte zeigen, dass Askorbin- 
siiure das Auftreten einer ROtung bei Einwirkung der Tb 3 T:o- 
sinaso auf Thyrosin, 1-3-4-Dioxyphenylalanin und 1-Adrenalin 
verhindert, dass dies aber wenigstens imFalle des Tliyrosins nicht 
bedeutet, dass die Oxydation des Thyrosins verhindert wird: es 
war mOglich, das Yorkommen von Dioxyphenylalania nach- 
zuweisen. 

Auch die Briiunung, die in reinen Lbsungen von Adrenalin 
und Dopa aufzutreten pflegt, konnte durch einen Zusatz von 
Askorbinsiiure verhindert werden. 

Schliesslich sind hier die auf S. 21 referierten eigenen Unter- 
suchungen iiber das Urochrom A zu erwiihnen. Bei Zufuhr von 
Askorbinsiiure verminderte sich die Ausscheidung dieses Farb- 
stoffs im Ham. 

In den hier referierten Yersuchen in vitro sind Farbstoffe aus 
aromatischen Yerbindungen hervorgegangen, und dies kann auch 
bei den Untersuchungen in vivo der Fall gewesen sein. Die 
Hemmung der Farbstoff- und Pigmentbildung diirfte sich daher 
gemilss Szent-GyOrgyi (z. B. 1934) erklkren lassen, welcher der 
Ansicht ist, dass bei der Oxydation aromatischer Yerbindungen 
beispielsweise durch ein Phenoloxydasesystem Polyphenole 
gebildet werden. Dutch die Anwesenheit der stark reduzierenden 
Askorbinsiiure wird die weitere Oxydation zu Chinonen und 
damit die Farbstoffbildung verhindert, und statt dessen werden 
die Polj'phenole zu Phenolen reduziert. 
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III. Vitamin C und zyklische Verbindungen. 

In der Literatur finden sich zahlreiche Angaben iiber den 
Zusammenhang zwischen dem Abbau zyklischer Verbindungen 
und Vitamin C. Diese zyklischen Verbindungen weisen binsicht- 
lich ihrer chemischen Zusammensetzung und biologischen Bedeu- 
tung grosse Unterschiede auf. Der Dbersicbtlichkeit halber glie- 
dere ich sie in folgende Gruppen: 

1. Zyklische Aminosauren. 

2. Hormone. 

3. Toxine. 

4. Andere zyklische Verbindungen von pharmfkologischem 
Oder toxikologischem Interesse. 


1. Zyklische Aminosiiuren. 

In der Einleitung wurde erwahnt, dass Abderhalden gezeigt 
hat, dass Askorbinsaure die FShigkeit hat, Monoaminokarbon- 
sauren in die entsprechenden urn ein Kohlenstoffatom armeren 
Aldehyde umzuwandeln, und dass Edlbacher und v. Segesser 
gefunden haben, dass Imidazolderivate bei Anwesenheit von 
Askorbinsaure eine oxydative Desaminierung erfahren. 

Abderhalden (1936) untersuchte in erster Linie Thyrosin und 
zeigte, dass bei Einwirkung von Askorbinsaure (oder, in 
geringerem Grade, auch von Dehydroaskorbinsaure), Sauerstoff 
der Luft und Eisen aus Thyrosin Dioxyphenylalanin gebildet 
wird. Der Versuch konnte mit Cystein oder Glutathion nicht 
wiederholt werden. In spateren Untersuchungen (1938) konnte 
er auch die Bildung von Dioxyphenylazetaldehyd nachweisen. 
Und bei Versuch en mit einer ganzen Reihe anderer Aminosauren 
konnten die entsprechenden Aldehyde isoliert werden. 

In einer anderen Arbeit zeigte Abderhalden (1937), dass His- 
tidin durch Askorbinsaure desaminiert wird und dass sich dabei 
ein rot-violetter Farbstoff bildet. Indessen konnte er keinen 
Aldehyd nachweisen. Farbstoffe traten auch bei anderen Amino- 
sauren auf, doch in bedeutend schwacherer Konzentration und 
im allgemeinen mit einem mehr gelblichen Farbton. Intensive 
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Farbstoffbildimg sab er bei Phenylalanin, dock war der Farbton 
bier mebr braun. 

Edlbacher imd y. Segesser (1937 a) untersucbten die Einwir- 
kung vonAskorbinsaiire auf Imidazolverbindungen bei Anwesen- 
heit von Luftsanerstoff und dreiwertigem Eisen und fanden 
dass diese Imidazolverbindungen, vor allem aber Histidin und 
Histamin, eine oxydative Desaminienmg erfuhren, die in einer 
Spaltung des Imidazolringes zum Ausdruck kam. Im Einklang 
mit Abderhaldex beben Edlbacher und v. Segesser (1937 b) 
hervor, dass Eisen durch Hamoglobin ersetzfc werden kann, dass 
dann aber auch das Hamoglobin angegriffen wird und ein griiner 
Farbstoff auftritt, der gewisse Gallfarbstoffreaktionen gibt. Die 
Autoren stellen fest, dass die Kombination Askorbinsaure-Hamo- 
globin-Sauerstoff ein Oxydationssj’-stem darstellt und dass die 
Einwirkung auf das Histidin einer Histaminasewirkung zu ver- 
gleichen sei. 

Gleicbzeitig mit diesen Untersucbungen fand aucb Holtz 
(1937), dass Histidin bei Sauerstoffzufubr durch AskorbinsSure 
desaminiert werden kann. Holtz meint indessen, dass dann 
gleicbzeitig eine Dekarboxylierung minderen Ausmasses auf- 
trete, die zur Bildung von Histamin fiibre. Die Umwandlung des 
Histidins betrachten Holtz und Triem (1937 a) als eine Histi- 
dasewirkung, und sie zeigen, dass unter Shnlichen Verbal tnissen 
dieselbe Wirkung auch mit Tbioglykolsaure erzielt werden kann. 
In eingehenden Untersucbungen bestatigen Holtz und HeIse 
(1937 a und b), dass Histamin aus Histidin durch Einwirkung 
von Askorbinsaure, Glutatbion, Cystein Oder Tbioglykolsaure 
bei Anwesenheit von Sauerstoff erhalten werden kann. 

Sowohl Abderhalden (1938) als Edlbacher und y. Segesser 
(1937 c) geben indessen an, sie batten in ibren Versa chen keine 
Histaminbildung nacbweisen konnen. 

Holtz und Triem (1937 b) fanden ferner, dass bei der Oxyda- 
tion von Askorbinsaure, Cystein und Tbioglykolsaure Wasser- 
stoffsuperoxyd Oder ein anderes Peroxyd entstebt, und sie sind 
der Meinung, dass die Desaminierung des Histidins durch Askor- 
binsaure dadurcb ihre Erklarung finde. 

Sowohl Holtz als Edlbacher und v. Segesser (193/ c) weisen 
aber darauf bin, dass bei Einwirkung von Wasserstoffsuperoxyd 
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eine vollstandige Desaminierung des Histidins unter Freiwer- 
diing aller drei Stickstoffmolekule erfolge, wahrend bei Einwir- 
kung der Askorbinsaure nur zwei frei gemacht werden. 

Aus Anlass der vorstehend referierten Untersuchungen unter- 
nahmen Greenblatt und Pecker (1940) einen Versuch, eine 
ahnlicbe Askorbinsaurewirkuing in vivo nachzuweisen, indem sie 
untersuchten, ob man nach Injektion grosserer Askorbinsaure- 
mengen (50 mg/Tag) bei Meerschweinchen und Kanin chen Ver- 
anderungen im Thionein- und Harnsaurespiegel des Blutes fest- 
stellen konne. Dies war indessen nicht der Fall. 

In eigenen Versuchen (Ekman 1941) konnto hingegen gezeigt 
werden, dass die Ausscheidung von Histidin im Harn bei Zufuhr 
von Askorbinsaure abnabm und bei Skorbut zunabm. 

In Untersuchungen iiber den Umsatz von Thyrosin und Phenyl- 
alanin zeigten Sealocic et al. (1939 a), dass bei Meerschweinchen 
nach Einverleibung dieser Aminosauren ein gesteigerter C-Vita- 
minbedarf auftrat. 

In fortgesetzten Untersuchungen fanden Sealock et al. (1939b), 
dass Meerschweinchen mit Skorbutkost, wenn sie Thyrosin er- 
hielten, »a substance of melanin-like properties^ ausschieden, 
die sich bei der Analyse als Homogentisinshure erwies. Aus 
Versuchen mit Meerschweinchen und Menschen ging hervor, 
dass die Ausscheidung von Homogentisinsaure (nach Briggs 
(1922) bestimmt) ' nach Einverleibung von Thyrosin ausblieb, 
wenn gleichzeitig Askorbinsaure verabfolgt wurde (5 mg/Tag 
und Meerschweinchen). 

Levine et al. (1939) konnten im Harn von Neugeborenen 
mit mangelnder G-Vitaminzufuhr das Vorkommen von 1 — p- 
oxyphenylmilchsaure und wahrscheinlich von p-oxyphenyl- 
brenztraubensaure nachweisen. Versuche, Thyrosin, Dihydroxy- 
phenylalanin, Homogentisinsaure und Melanin nachzuweisen, 
missgliickten.. 

. Mittels der von Folin und Ciocalteu (1927) angegebenen 
Methode zur Bestimmung von MonooxyphenylabkOmmlingen 
konnte festgestellt werden, dass bei Zufuhr von 50 — 200 mg 
Askorbinsaure die Ausscheidung von Phenylderivat von 500 — 
600 mg auf 40 mg absank, bei eingestellter Askorbinsaurezufuhr 
aber wieder anstieg. 
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In fortgc^etzten Untersuchungen konntcu Sealock et al. 
{^1940 a) zoigcn, class ^iGGTSchvi'Ginchcn, die eino askorbinsilure- 
arme Kost und Tiiyrosin orhieltGii, nicht nur Homogcntisiiisaure 
ausschieden, sondern aiich p-oxyphenylbrenztraubensaure, Oxy- 
phenylmilchsilurc und Tiiyrosin. In quantilativen Bestimraungen 
ties >totalen Thyrosin\vGrtcsi> nach Follv und Ciocalteu (1927), 
diT Ketosaurc nach Penrose und Quastel (1937) sowio der 
Homogentisinsaure nach Briggs (1922) konnte gezeigt werden, 
(lass allc dicse Tiiyrosinproduktc bei Zufuhr von 5—10 mg 
Askorbinsilure aus dcm Ilarn versclnvanden. Tiiyrosin wurde 
in Mengen von 500 — 1000 nig/Tag zugefiilirt, und die Verteilung 
atif die einzelnen 'riiyro.'sininelaboliten in y>pcr cent of theoretical 
calculated from amount of supplementary tyrosine eaten» war 
folgende: KetosHure otwa 30 Thyrosin und Oxyplienylmilch- 
saiire etwa 20 % und Uomogentisinsaure 10 — 15 %. Ahnliclie 
Rosultate erliicltcn die Autoren bci Zufuhr von Plienylalanin. 
Wurde statt dcssen d-AskorbinsHure einverlcibt, so waren Tages- 
dosen von etwa 200 mg notwendig, uni die Tliyrosinderivate aus 
dem Harn ver.'Olnvindeu zu lasscn. Dies ist 20 — lOmal so viel 
wie l)ci Verwondung von l-Askorbinsiiiire und slelit in gutem 
Einklang mit der 20 — uOnial .schwachoren antiskorbutischen 
Wirkuug dor d-AskorbinsUurc. 

In einer spilteren Arbeit bestatigen Sealock et al. (1941) die 
Ergebni.sse mit Plienylalanin und bcrichtcn tiber ahnliclie Ver- 
suche mit Zufuhr von Plicnylbrenztraubensaure und Oxyphenyl- 
brenzfrauben.'jiiure. Audi bei Einverleibung dieser Stoffe sahen 
sie bei Meer.sdiwcinclien mit Skorbutkost cine Ausscheidung 
der.«elben Jlctaboliten wie bei Znfuhr von Tiiyrosin und Phenyl- 
alaniii. Dio Produkte, die nach Einverleibung von Oxyphenyl- 
brenztraubcnsiiurc ausgescliieden wurderi, vor allem Ketosiiuren, 
wurden indessen durch die Askorbinsilure so gut wie nicht 
beeinfiusst. 

All? Anlass der vor.stchend referierten Arbeitcn untersuchten 
Sealock cl al. (1940 b), ob es inOglich sei, die Ausscheidung von 
IIomogenlLsinsaiire hei einem Alkaptonuriker zu beeinflussen. 
Die.s misslang indessen, trotzdem sie bis zu 4 g Askorbinsaure 
pro Tag einverleibten. 
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2. Hormone, 
a. Thyroxin. 

Mosonyi (1933) hat gezeigt, dass die Gaswechselsteigerung. 
die man bei an Skorbut leidenden Meerschweinchen sieht, nach 
Einverleibung von Askorbinsaure verschwindet. Nach Kreitmair 
(1934) wird die gaswechselsteigernde Wirkung von Thyroxin 
auf Ratten geschwacht, wenn man gleichzeitig grosse Mengen 
(50 mg) Askorbinsaure verabfolgt. 

Demole und Ippen (1935) haben gezeigt, dass Meerschweinchen 
mit beginnendem Skorbut durch Zufuhr von 0,s mg Askorbin- 
saure geheilt werden konnen, dass die Tiere aber sterben, wenn 
sie gleichzeitig 0,i mg Thyroxin bekommen. Steigert man nun 
die Askorbinsauregabe auf 5 mg, so liberleben einige Tiere, gibt 
man 10 mg, so iiberleben die meisten, und bei Gaben von 20 mg 
liberleben alle. 20 mg Askorbinsaure sind dagegen wirkungslos, 
wenn die Thyroxingabe auf 0,2 mg erhoht wird. Diesen Versuch 
konnte Oehme (1936) bestatigen. Er vermochte zu zeigen, 
dass 0,1 mg Thyroxin keine Stoffwechselsteigerung bei Meer- 
schweinchen bewirkt, wenn man gleichzeitig 20 — 25 mg 
Askorbinsaure verabfolgt. Ferner sahen auch Belasco und 
Murlin (1940) bei Ratten eine Schwachung der Grundumsatz- 
steigerung bei Zufuhr von 0,2 mg Thyroxin/100 g Korpergewicht, 
wenn sie gleichzeitig 20 mg Askorbinsaure/lOO g Korpergewicht 
verabfolgten. In weiteren Untersuchungen zeigte Mosonyi (1935 
und 1936), dass die Zufuhr von Thyroxin bei Meerschweinchen 
den Askorbinsauregehalt der Nebennieren vermindert und dass 
in den Nebennieren von Ratten der Askorbinsauregehalt ansteigt, 
wenn man die Schilddriisen entfernt. Gleichsinnige Befunde er- 
hoben Plaut und BUlow (1935) sowie Paal und Brecht (1937). 
Mosonyi (1936) stellte daraufhin die Theorie auf, dass mehrere 
Skorbutsymptome sich durch einen bei C-Vitaminmangel auf- 
tretenden Hyperthyreoidismus erklaren liessen und dass ein 
Antagonismus zwischen Askorbinsaure und Thyroxin bestehe. 

Diese Annahme wird femer durch Aszodis (1937) Untersuchungen 
gestutzt, aus denen hervorgeht, dass die bei Skorbut auftretenden Ver- 
anderungen des Blutbildes auch durch Verabfolgung von Thyroxin her- 
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Torgerufen wsiden konnen. Weiterhin lassen sich Altenbbegees (1936) 
Versuche hier heranziehen. Er zeigte, dass die Glykogenverannung, die 
in der Meerschweinchenleber bei Znfuhr von 0,2 mg Thyroxin auftritt 
■durch Zufubr von 10 mg Askorbinsaure verhindert werden kann. v. Plehwe 
(1938) schliesslicb zeigte, dass die bei Hyperthyreoidismus auftretende 
Kreatinurie verschwindet, wenn man Vitamin G darreicht. 

Die Versuche, eine C-Vitamintherapie bei der BASEcowschen Krankheit 
klinisch auszuwerten, schlugen indessen fehl (Strieck 1935 und Lohe 
1936 konnten z. B. den Grundumsatz nicht durch Askorbinsauregaben 
beeinflussen), und dass AskorbinsUure nicht immer antagonistisch gegen- 
tiber Thyroxin auftreten kann, zeigten Schafers (1936) Untersuchungen: 
im Kaulquappenversuch fehlte jede antithyreofdale Wirkung. Schliesslich 
sei erwahnt, dass nach Baucke (1938) grosse Schwankungen des Oj- 
Verbrauchs (sowohl tiber als unter der Norm) beim Meerechweinchen- 
skorbut karakteristisch ist 


b. Adrenalin. 

Wie schon erwahnt, gab Szent-GyOrgyi (1930) an, dass Askor- 
binsaure die Oxydation von PoljTihenolen, darunter auch die 
des Adrenalins, verhinaern kbnne. 'Abderhalden (1934) zeigte, 
dass die bei der Oxydation von Adrenalin oder Dioxyphenyl- 
alanin auftretende Farbstoffbildung bei Anwesenheit von Askor- 
binsaure nicht zustande kommt. Diese Versuche sowie der Nach- 
weis sehr hoher Askorbinsaurekonzentrationen in den Neben- 
nieren, dem Organ, wo das Adrenalin gebildet wird, gaben den 
Anlass, dass man die Askorbinsaure mit der Entstehung und 
Funktion des Adrenalins in Zusammenhang setzte. 

Die Auffassung, dass das Adrenalin in vitro durch Askorbinsaure 
stabilisiert wird, haben mehrere Untersuchungen bestfttigt (z. B. Dauod 
und El Ayyadi 1938, Marquardt 1941). Nach Green und Richter (1937) 
verhindert AskorbinsUure die Oxydation Tiber Orthochinon zu Adreno- 
chrom. 

Szent-Gyorgyis Anschauung wird bestStigt durch Webers (1939) Unter- 
suchungen, aus denen hervorgeht, dass Adrenalin, Corbasil, Sympathol, 
Veritol und Ephedrin ein und dieselbe Wirkung auf einen isolierten 
KaninchendUnndarm ausiiben (Tonusabfall und Abnahme der Kontrak- 
tionshShe). Diese Wirkung wird, was Adrenalin und Corbasil, beide mit 
zwei OH-Gruppen im Kern, betrifft, durch Askorbinsaure yerstarkt und 
verlangert, Beim Sympathol, das nur eine OH-Gruppe hat, ist die Askor- 
binsaurewirkung gering, bei Veritol und Ephedrin, die keine OH-Gruppen 
im Kern aufweisen, ist die Askorbinsaure wirkungslos. 
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Nach V. Euler und Klussmann (1933) sinkt der Adrenalingehalt der 
Nebennieren beim Meerschweinchenskorbut ab, und Doby und Weisinger 
(1938) kamen zu demselben Ergebnis. Umgekehrt konnte Sarfy (1938) 
zeigen, dass bei Askorbinaiiurezufuhr der Adrenalingehalt der Neben- 
nieren und des Elutes anstieg. Tonutti (1937) findet, dass die Askorbin- 
sEure in den Nebennieren, die gewohnlich in der Rinde lokalisiert ist, 
auch im Mark auftritt, wenn die Nebennieren zur Adrenalinproduktion 
angereizt werden. Molnar und Fridrich (1941) einverleibten einer grfis- 
seren Anzahl Versuchspersonen tSglich 500 mg AskorbinsEure und konn- 
ten dann eine erhohte Empfindlichkeit gegen die Injektion kleiner Adre- 
nalingaben nachweisen. 

Angesichts dieser sowie der auf S. 26 referierten Unter- 
suchungen Sealocks und seiner Mitarbeiter erscheint Rothmans 
(1940) Theorie von der Rolle der Askorbinsaure in den Neben- 
nieren bestechend. Nach seiner Anschauung ist die Aufgabe 
der Askorbinsaure »1) formation of cathecol precursors of 
epinephrine from phenol compounds of the proteins (phenyl- 
alanin, thyrosine) and 2) stabilisation of the epinephrine after 
it is formed in the suprarenal glands». 

Indessen lassen sich gewichtige Griinde auch gegen diese 
Theorie anfiihren. 

Doby und Weisinger (1938) fanden trotz der verminderten 
Adrenalinmenge in den Nebennieren bei Skorbut einen betriicht- 
lich gesteigerten Adrenalingehalt des Blutes, und nach Giroud 
und Martinet (1941) findet man, wenn man die Adrenalinmenge 
pro Gewichteinheit des Nebennierenmarks berechnet, dass der 
Adrenalingehalt bei Skorbut ansteigt. In friiheren Arbeiten ist 
der Adrenalingehalt fur die ganze Nebenniere berechnet worden, 
und da sich das Mark bei Skorbut nicht andert, die Rinde aber 
eine starke Hypertrophic erfahrt, lassen sich so die Angaben 
betreffs eines verminderten prozentualen Adrenalingehaltes 
erklaren. 

Schliesslich kann man nach Daoud und El Ayyadi (1938) in 
MeerschweinchenversucEen keinerlei Einfluss der Askorbinsaure 
auf die Adrenalinwirkung feststellen. 

c. Sexualhormone. 

Mosonyi (1936) hat gezeigt, dass wenn Meerschweinchen- 
mannchen mannliches Sexualhormon erhalten (Erugon, Igefa, 
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sowie Extrakt aus Stierhoden in Mengen 1 Hahnenkamm- 
Einheit entsprechend), der C-Vitamingelialt der Leber und 
Nebennieren um 30 — 40 % abninmit. Bei Weibchen rufen 
diese Praparate keine Wirkung kervor. Gibt man weiblichen 
Oder mknnlichen Meerschweincken Follikelkormon (5000 I. E. 
Progynon B. Sckering Oder 10000 M. E. Unden, Igefa), so ist 
in beiden Fallen eine Abnahme des C-Vitamingehaltes in Leber 
und Nebennieren nachzuweisen. 

In einer folgenden Arbeit konnte Mosonyi (1937) zeigen, dass 
die Senlmng des C-Vitamingehaltes durck Follikulin auck bei 
thyreoidektomierten wie kastrierten Mannchen erzielt werden 
konnte, weskalb er der Ansieht ist, dass die Abnakme des 
C-Vitamingekaltes die Folge einer direkten Wirkung des Folli- 
kulins sein muss, das irgendwie antagonistisck zu Askorbin- 
saure stekt. 

Einen -weiteren Beleg fiir diese Anschauung brachten die Unter- 
suchungen von Sas (1936), in denen gezeigt wurde, dass der C-Vitamin- 
gehalt der Nebennieren mannlicher Ratten nach Kastration anstieg. 
Hermann (1937) hat gefunden, dass sowohl die Zufuhr von Follikelhormon 
als von Askorbinsaure (50 mg) eine starke Steigening des Glykogen- 
gehalts der Meerschweinchenleber bewirkt, wahrend bei gleichzeitiger 
Verabfolgung dieser beiden Stoffe der Glykogengehalt der Leber abninunt. 

Schliesslich konnte Gergely (1938) an Meerschweinchenweibchen den 
Nachweis fiihren, dass die gasstoffwechselsteigemde Wirkung des Follikel- 
hormons durch Darreichung von Askorbinsaure (50 mg) gehemmt wer- 
den kann. 

Den Zusammenhang zwischen Sexualhorinonen und Vitamin C be- 
leuchten auch Pillays (1940) Unteisuchungen, aus denen hervorgeht, 
dass die Askorbinsaureausscheidung im weiblichen Harn absinkt, wenn 
die evolution eintritt. 

In eigenen Untersuchungen (Ekman 1941) ist gezeigt worden, dass die 
Desaminierung von Histidin dutch Askorbinsaure in vitro dutch einen 
Zusatz von Prolan gehemmt wird. 


3. Toxine. 

In der Literatur finden sick einige Angaben iiber die Entgif- 
tung gewisser Toxine durck Askorbinsaure. Es kandelt sick kier 
also um eine Askorbinsaurewirkung auf komplizierte Stoffe, 
deren Zusammensetzung in der Hauptsache unbekannt ist. Nach 
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den zur Verfiigung stehenden Angaben scheint man indessen 
annehmen zu diirfen, dass das Toxinmolekiil zykliscbe Kompo- 
nenten entha.lt, z. B. zykliscbe Aminosauren und auch andere 
zyklische Verbindungen. 

PoLONYi (1935) fand, dass mit Diphtherie infizierte Meerschweinchen 
niedrigere Askorbinsaurewerte in Leber und Nebennieren zeigten, als 
normale Tiere. Bekamen diese Tiere Askorbinsaure, so wuchs ihre Wider- 
standskraft gegen die Infektion. Mischte man Dipbtherietoxin und Askor- 
binsaure und Hess das Gemisch. einige Zeit stehen, so wurde das Toxin 
entgiftet. 

Greenwald und ELarde (1935) sowie Jungeblut und Zwemer (1935) 
fanden, dass Dipbtherietoxin, das man mit neutralisierter Askorbinsaure 
stehenliess, entgiftet wurde, und ferner, dass Meerschweinchen, denen 
eine sonst todlicbe Diphtherietoxindosis einverleibt wurde, grbssere Wider- 
standskraft zeigten, wenn sie grBssere Mengen Askorbinsaure erhielten. 
Jungeblut und Zwemer sahen die starkste entgiftende Wirkung in vitro 
bei einem Zusatz von 0,5 — 5 mg Askorbinsaure zu 2 Dos. Min. Leth. des 
Toxins, wahrend sowohl grossere als kleinere Dosen weniger wirksam 
waren. 

Die bier referierten Untersuchungen wurden von mehreren Seiten 
bestatigt, und man war recht allgemein der Anschauung, Askorbinsaure 
Ube eine spezifische Wirkung auf Diphtherie aus, und die Befunde in vivo 
seien nicht nur auf die Behebung eines etwaigen Mangelzustandes zurhck- 
zufuhren. Zilva (1937) wendet sich indessen gegen diese Anschauung 
und zeigt in einer grOsseren Zahl von Versuchen, dass Vitamin C die 
Widerstandskraft von Meerschweinchen gegen Diphtherietoxin nicht zu 
steigern vermag. 

Trotzdem die fruheren Autoren behaupten, mit einer neutralisierten 
Askorbinsaurelosung gearbeitet zu haben, meinen Sigal und King (1937), 
dass die in vitro beobachtete Wirkung auf einer aspezifischen Saure- 
wirkung des Vitamins C beruht babe, und sie geben an, dass sie bei 
einem pH des Gemischs von 6,4 — ^7,4 keine Entgiftung haben feststellen 
kSnnen. Diese Autoren sind indessen der Meinung, dass die Voraus- 
setzung fUr eine Entgiftung durch Askorbinsaure in den reduzierenden 
Eigenschaften dieser Saure zu suchen sei und heben hervor, dass bei 
ihren Versuchsbedingungen keine Oxydation der Askorbinsaure beobach- 
tet werden konnte. 

Versuche von entsprechender Art wie die hier betreffs des Diphtherie- 
toxins angefuhrten sind auch mit anderen Toxinen gemacht worden. 
Nitzescu und Sian-Suciu (1940) zeigten, dass Kabragift, das man zusam- 
men mit Askorbinsaure stehenlasst, entgiftet wird, und dass Meer- 
Bchweinchen, denen kleine Mengen Kobragift durch Injektion einverleibt 
werden, einen sinkenden C-Vitamingehalt der inneren Organe zeigen. 
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4. T erscliiedene 2 yklisclio Yerbindungen von pharmakologi- 
scliem Oder toxikologiscbem Inleresse. 

A. tlniTandlung nnd Entgiftung. 

In melireren Fallen hat man in vitro eine Umwandlung zyk- 
lischer Yerbindungen durch Askorbinsaure nachweisen konnen 
nnd fur einige dieser Yerbindungen auch eine entsprechende 
Entgiftung in vivo. 

Leibottitz und Guggenheim (1938) haben gezeigt, dass wenn 
Phenol in wUssriger Lbsung mit einer aquimolaren Menge Askor- 
binsaure versetzt wird, die beiden Stoffe mileinander reagieren. 
Diese Reaktion iiussert sich darin, dass die Oxydationsgeschwin- 
digkeit der AskorbinsUure zunimmt und sich die Gefrierpunkts- 
erniedrigung der Lbsung veriindert. Sie konnte auch dadurch 
nachgewiesen werden, dass das Gemisch Askorbinsaure/Phenol 
bei Injektion an Ratten weniger giftig war als Phenol allein. 

Auf Grund dieser Befimde nehmen die Autoren an, dass das 
Phenol in gleicher Weise mit der Askorbinsiiure gepaart worden 
ist, wie eine Koppelung an Glykuronsiiure erfolgen kann. Und 
sie meinen, dass dem Yersuch Bedeutung fur das Yerstandnis 
der Funktion des Yitamins C zukommen: »Scurvy could very 
well be comprehended as an intoxication of the Yitamin C defi- 
cient organism with endogenously produced toxic substances 
of the normal metabolism which in the Yitamin C saturated 
organism are bound and detoxicated by ascorbic acid.» 

Um weitere Bcweise fiir diese Annahme zu erhalten, gaben 
sie Ratten, eine vorbereitende Injektion von Askorbinsaure und 
anschliessend eine gleichinolare Menge Phenol. Indessen konnten 
sie unter diesen Umstiinden keine Entgiftung des Phenols fest- 
stellen. 

Beyer (1941) fand, dass a-phenylisopropylamin (Amphetamin, 
Benzedrin) bei derselben Yersuchsanordnung, wie sie Edlbacher 
und V. Segesser (1937) bei ihren Histidinversuchen angewandt 
hatten, durch Askorbinsaure desaminiert wird. Das Ergebnis 
konnte auch in vivo bestatigt werden: Hunde bekamen taglich 
eine gewisse Menge Benzedrin und die Ausscheidung im Earn 
wurde quantitativ bestimmt. Wurden ausserdem taglich 200— 
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400 mg Askorbinsauxe verabfolgt, so sank die Benzedrinaus- 
scheidung auf etwa ein Drittel der Kontrollwerte. 

In eigenen Versuchen (Ekman 1942) ist durch quantitative 
Bestimmungen der zyklischen Verbindungen gezeigt worden, 
dass Phenol, SalizylsS,ure, Sulfanilamid, Sulfapyridin, Histidin, 
Indol und Tryptophan eine Umwandlung durch Askorbinsaure 
erleiden. Durch Versuche mit Benzol konnte wahrscheinlich ge- 
macht werden., dass auch dieser Stoff eine ahnliche Umwandlung 
erfuhr. Die Versuchsanordnung war dieselbe wie die von 
Edlbacuer und v. Segesser (1937), und da die Bestimmungen 
von Phenol, Salizylsaure und Sulfanilamid auch nach Hydrolyse 
der Probeldsungen dasselbe Resultat gaben, durfte angenommen 
werden, dass die Umwq.n.dlung nicht in einer Koppelung an die 
Askorbinsaure bestanden hatte. In Versuchen mit Meerschwein- 
chen und Pflanzen (Ejresse) konnte gezeigt werden, dass Phenol 
auch in vivo entgiftet wurde. 

Bei der Verwendung von Benzol in verschiedenen Industrien 
haben sich Benzolvergiftungen als mn schwieriges berufshygie- 
nisches Problem erwiesen. Meyer (1937) weist auf eine gewisse 
Parallelitat zwischen den Symptomen bei Skorbut und bei Ben- 
zolvergiftung hin und hat dementsprechend versucht, bei Meer- 
schweinchen die Widerstandskraft gegen Benzol durch Dar- 
reichung von Askorbinsaure zu erhohen. 

Die Tiere bekamen 4mal wochentlich 0,33 ccm Benzol subkutan 
einverleibt, und bei einer Tagesgabe von 20 mg Askorbinsaure 
liess sich ein deutlicher entgiftender Effekt feststellen. Das 
Versuchsmaterial war indessen nur klein. Bormann (1937) und 
Hagen (1937/38) machten in Kaninchenversuchen ahnliche 
Beobachtungen. Libowitzky und Seyfried (1940) berichten, dass 
eine grossere Anzahl untersuchter Arbeiter, die der Einwirkung 
von Benzol ausgesetzt waren, Vergiftungsanzeichen namentlich 
im Friihjahr aufwiesen, und dass samtliche in Belastungsver- 
suchen dann einen verhaltnismhssig grossen C-Vitaminmangel 
an den Tag legten. Bei zusatzlichen C-Vitamingaben nahmen 
die Vergiftungserscheinungen bei gleicher Benzolexposition ab. 

Schliesslich sei Jorissens (1937) Beobachtung erwahnt, dass 
Naphtalin in vitro dureh Askorbinsaure oxydiert werden kann. 
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VersoMedene Arzneien zykliscber Natur haben sicb als we- 
niger giftig erwiesen, wenn sie zusammen mit Askorbinsaure 
genommen werden. 

Nacb V. Aller (193o) wird dio Toxizit-at von Gorinaiiiii durch 
AskorbinStiure boi gleichbleibender Heilwirkung herabgesetzt. 

Murakami (1939) und Onoyama (1939) baben gezeigt, dass die 
Fiibigkeit der Leber, Santonin zu entgiften, im Verhaltnis zum 
C-Yitnmingehalt steht, und dass aucb das lebende Versucbs- 
tier widerstnndsfahiger gegen Santoninvergiftung ist, wenn es 
Askorbinsilure erhiilt. 

Borsetti (1938) fand, dass Meerscbweincben, die tiiglicb 50— 
100 mg Askorbinsilure bekommen, eine sonst todlicbe Atophan- 
dosis (Pbenylcbinolinkarbonsiiure) iiberleben, und Tagariello 
(1939) bat gezeigt, dass Hunde, die tiiglicb 300 mg Askorbin- 
siiure bekommen, trotz Tagesgaben von 2 g Atophan keine 
degenerativen Yerilnderungen der inneren Organe aufweisen. 

Haas (1939) sail, dass in Ratten-, Meerscbweincben- und 
Kanincbenversuchen die bei den KontroIItieren auftretende 
Temperatursteigerung ausblieb, wenn die Yersuchstiere 25 mg 
Dinitropbenol pro kg KSrpergewicht, gleicbzeitig aber aucb min- 
destens 250 mg Askorbinsilure pro kg Korpergewicht erbielten. 

Hach Bussing (1939) stellen sicb bei Kanincben akute Yer- 
giftungserscheinungen ein, wenn die Tiere 30 mg Chinin be- 
kommen. Injiziert man aber gleicbzeitig 100 mg Askorbinsilure, 
so bleiben diese Yergiftungserscheinungen aus. 

Rosenthal (1939) fand in Meerscbweincbenversuchen, dass 
die Toxizitiit von Sulfanilamid abnahm, wenn die Tiere mit an 
Yitamin C reichen Yegetabilien (Kobl) gefiittert wurden, und 
nacb Dainow (1941) werden die Nebenwirkungen von Sulfona- 
midpriiparaten gemildert, wenn man gleicbzeitig Askorbinsaure 
verabfolgt. 

Seifertii und Kolb (1939) konnten durch Tagesgaben von 
500 mg Askorbinsilure einer Yergiftung bei langdauernder Zu- 
fubr von toxiscben Dosen (etwa 5 mg/Tag) AT 10 (Dihydro- 
tachysterin) vorbeugen. Als Yersuchstiere batten sie Kanincben. 

Im Schrifttum finden sich zablreicbe Angaben iiber mildernde 
Wirkung der Askorbinsaure auf toxische Nebenerscbeinungen 
bei Salvarsanbehandlung. Hier ware jedoch teils eine stabUi- 
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sierende Wirkung der Askorbinsaure auf die Arsenikkompo- 
nente, teils auch eine Umwandlung der zyklischen Komponente 
denkbar. Die Anregung, Salvarsanbebandlung mit erbohter 
Askorbinsaurezufubr zu verbinden, scheint von Dainow (1937) 
zu stammen. Er fand, dass die Giftwirkung des Salvarsans 
schwacher ist, wenn man eine Salvarsanlosung mit Askorbin- 
saure versetzt. 

Einen iihnlichen Versuch machte Durel (1937). Er spritzte Mausen 
intravenos eine sicher tSdliche Neosalvarsandosis ein, zugleich aber 
gnippenweise verschiedene Askorbinsauregaben. Je grosser die verab- 
folgte Askorbinsauremenge, um so grosser auch die Zahl der tiberleben- 
den Mause. In einem anderen Versuch wurde Mausen eine Naganainfek- 
tion beigebracht. Die Tiere erhielten dann eine gut heilend wirkende 
Neosalvarsandosis, vie im vorigen Versuch aber mit verschieden grossen 
Askorbinsauregaben. Es zeigte sich, dass die heilende Wirkung um so 
geringer war, je mehr Askorbinsaure zugesetzt wurde. 

Dainow (1937) untersuchte die C-Vitaminsattigung bei verschiedenen 
luischen Patienten und konnte zeigen, dass diejenigen, die Dberempfind- 
lichkeit gegen Salvarsan zeigten, an starkem C-Vitaminmangel litten. 
Ahnliche Befunde erhob KBhner (1941). Diese Erfahrungen lassen sich 
mit dem von Fasal (1933) erhobenen Befund in Zusammenhang bringen, 
dass Salvarsaniiberempfindlichkeit namentlich im Winter und Friihjahr, 
der Zeit des geringsten C-Vitamingehaltes der Nahrung, auftritt. (Die- 
selbe Erfahrung meldet Welcker [1940].) Dainow (1937) gab infolgedessen 
Einspritzungen von Askorbinsaure und Neosalvarsan im Verhaltnis 1 : 10 
und fand eine gleichbleibende Heilwirkung des Salvarsans, walirend die 
toxischen Nebenwirkungen ausblieben. Er sucht die Wirkung der Askor- 
binsaure in der Fahigkeit, das Salvarsan zu stabilisieren und eine zu 
schnelle Oxydation der Arsenikkomponento zu verhindern. 

Gegen das DAiNOWsche Verfahren richtet sich indessen Welcker (1940), 
der angibt, er konne keinerlei Zusammenhang zwischen C-Vitaminsat- 
tigung und Salvarsanuberempfindlichkeit feststellen; ferner wiirden mit 
Askorbinsaure versetzte Salvarsanlosungen schnell dekomponiert. 


B. Die Einwirkung zyklischer Terbindnngen auf den Titamin-C-Umsatz. 

Im vorigen Abscbnitt wurden zahlreiche Arbeiten erwahnt, 
die von Entgiftung und Umwandlung zyklischer Verbindungen 
durch Askorbinsaure berichten. Diese Befunde haben sich in 
vielen Fallen durch abnehmende Askorbinsaurewerte im Serum, 
Harn Oder inneren Organen bei Zufuhr zyklischer Verbindungen 
im Meerschweinchen- Oder Menschenversuch bestatigen lassen. 
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So fand Fuikmanx (193G^ hoi Genzoloxponiertcn Arbeitcrn eine 
A?korbin<aiueaussi-heidung im Ham als bei aaderen 
Mon^flion- Bokmann (1937) niid Hagen (1937/38) faudeu ent- 
?pr('chond fun' bonzoKwponiorfvn Arbeitcrn niedrigere Serum- 
worte. JVirMr.Ai:-i:)i;r.u,[.i: (10-11) Niiii bei MeerRdnvelncbcn nacli 
Einvcrieibung von Benzo} cinon niodrigeren Asicorliinsiiuregeiialt 
in den Nebeimieren. wiihrend dor GehalL dcr Le1»er normal war. 

Nad) Bainow und Zimmkt (1030) sinkt. dor Askorbinsiiiire- 
gdialt der Leber. Nebennieron, Hoden mid do.< Gehirns bei 
MeerNchweinclien. die g<nvi?se Sulfonaniidpriiparate orhaltcn. 

ct a!. (1910) koriiUen zoigr-n, das? der Askorbinsiiure- 
geb.ah de? Plasmas bei l.ne.skr.anken abnahni. wenn dicse mit 
Neosalvarsan br-liandcdt wiirden. 

Einen gerade entgegengeM-tzten Bcfnnd, niimlicn vermehrte 
An.s.sebeidnng von A?knrl>in?:iure iin linrn. orhoben dagegen 
Danhh^^ titxi Em:u?on i l03<>) inn Kindern. die AzclylsalizylsiUire 
bek.arnen. .Die nonnale Au.sfdieidnng •s'on 25 — 35 ing pro Tag 
verdoppdte .?ieh. Bie A?kor}>in,‘-:inrc wnrde naoh Bmcn. II.mikis 
und Bav (1033) besiimmt. ."i^AMoms et. :d. flO-lO) Icnnnien die 
Befmide in Meersdiwvindien- mid Battenversuchon besUitigen. 

Bei Ticren aber. die yelbst Vitamin V. syntlielisicren, z. B. 
Batlc-m soheint e.s. a!.- w.’in* eine vernudirtc JCrzcugung von 
Apkorldn.^atire l.»ei Znfnbr zyklr.sclier Verbindnngcn cine natiir- 
iirhe. Abv/ehrreaktion gegen die vergiftenden 'Wirkungen. 

Be.'GE.vfX’KU; et ak (1010) mitersnehten die Ausschoidung von 
Askorbinp.'itire im Harn von Ratten, die cine Standnrdko.?t be- 
kamen. zn-iitzlicb .aber 2t) mg ver.'c'nicdener Pharniaka pro Tag. 


•iie ur.'priinglidi nntcr den Stoffen r-fnnetiuning as nerve 
depre.'pant?!- gewidiU uorden wai'cn. 

Von IS mitersnebten Bar'nitnr.siuirederivatcn erwies sick das 
>Phenobarbital •> (AthylpbenylbarliiturPilnrc) am wirksamsten 
mid verur.s.idite eine Steigening dcr ursprunglieben Askorbin- 
.*::iiirean.??oheidmig von O.z nig pro Tag aiif etwa 10 mg. /nr 
Kontrolle der ^’it.ainin-fbHc.stinimmig.smotliodik (Bmcn, irAums, 
Ray 1933) %vnrde eine i;.iologiselie Nacbpriifmig vorgonommen, 
die dassedbe HcMiltai lieferle. Bic schwiicliPte B'irknng liattc 
=^Amyt.nB- (IsoaTnylbarbilnrsiinre), welclicr Stoff die Askorbin- 
siiure.anssrlicddiimr mir an[ etwa 1 mg pro 'lag .steigcite. 
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Von den mit anderen zyklischen Verbindungen gleichartiger 
Wirkung gewonnenen Resultaten sei erwahnt, dass Aminopyrin 
und Antipyrin eine Steigerung auf etwa 6 mg bewirkten, -wahrend 
die Askorbinsaureausscbeidung nach Zufuhr von Azetanilid und 
Pbenazetin nur 0,5 — 1,3 mg pro Tag war. 

Aucb nicht-zyklische Hypnotika wurden gepriift. Paraldehyd 
bewirkte eine ebenso starke Steigerung wie Phenobarbital, 
Chloreton gar eine noch starkere. Auch andere zyklische Ver- 
bindungen wurden indessen untersucbt, und von diesen bewirk- 
ten z. B. Sulfanilamid, Sulfapyridin und Phenol eine Steigerung 
der Askorbinsaureausscbeidung im Harn auf 0,5 — 1,5 mg pro Tag. 

Die Autoren meinen zwar, die gesteigerte Askorbinsaure- 
produktion nach Einverleibung der untersuchten Stoffe konne 
zum Ziele einer Entgiftung erfolgt sein. Gegen diese Annahme 
fuhren sie aber an, dass eine Koppelung der einverleibten Ver- 
bindungen an die ausgeschiedene Askorbinsaure, beispielsweise 
analog der Koppelung an Glykuronsaure, nicht nachgewiesen 
werden konnte. 

SviRBELY (1939) untersuchte an Ratten die Reduktionsfahig- 
keit gegenuber Dichlorphenolindophenol in Leber und Neben- 
nieren und fand bei Tagesgaben von 25 — 50 mg Kupfersulfat 
keine Veranderungen. Bei Darreichung von Pyridin, Menthol, 
Borneol, Thymol, Kampfer, Phenylessigsaure, Amidopyrin und 
Antipyrin stieg indessen die Reduktionsfahigkeit in Leber und 
Darm. Nach Zufuhr von Azetanilid, Azetophenetidin, Amido- 
pyrin, Kampfer, Borneol, Toluylendiamin und Hydrazin nahm 
der Askorbinsauregehalt der Nebennieren ab. Die Menge der 
verabfolgten Verbindungen belief sich im allgemeinen auf Tages- 
gaben von 100 mg und mehr an 3 — 5 Tagen vor der Unter- 
suchung. (Die Toluylendiamingabe war 32 mg, die Hydrazin- 
gabe 15 mg.) 



Znsaniiiieiifassuiig und Besprecliimg der ein- 
sclilagigeii Literatiir. 


Die Beziehungen zwisclien Vitamin C, Farbstoffbildung imd 
zykiischen Verbindungen lassen sich in folgenden Haiiptpunkten 
zusainmenfassen; 

J. Vmcayullung sgMhchcr V crbmdungen (lurch Askorbln- 
sciure in vitro. 

Die Umwandlung cntsprach 

einerDesamlniening(Phenylalanin,Thyrosin, Tryptophan, 
Histidin, «-phenylisopropy]ainin. Im Falle des Histidins 
\Yar eine Bingspaltung nachzuweison.), 
ciner Oxydation (Naphtalin), 

(bcim PJienol vermnllicli) ciner Koppelungsreaktiou. 

Der chemische Ilergang war nnbekannt, Hess sich aber da- 
durch nacliweisen, 

dass die Konzentration der Z 5 "klisc]ien Verbindung nach 
beendigteni in-vitro-Versuch niedriger war (Histidin, 
Tryptophan, Indol, Phenol, .Salizylsaure, Sulfanilamid 
und Sulfapyridin), 

dass die Toxizitiit einer bestimmten Menge der unbehan- 
delten zykiischen Verbindung grosser war als die einer 
gleicli grossen Menge der Verbindung nach deren Reak- 
tion mit Askorbinsaure (Diphtherietoxin, Kobratoxin, 
Phenol, Salvarsan). 

11. Umwandlung zyldischer Verbindungen durch Askorbw- 
sUure in vivo. 

Diese wurde dadurch nachgewiesen, 

dass die Ausscheidung der zykiischen Verbindung im 
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Harn durch Verabfolgung von Askorbinsaure vermindert 
werden konnte (Histidin, Thyrosin, Phenylalanin, Pheiiyl- 
brenztraubensaure, Phenol, a-phenylisopropylamin), 
dass die zjddische Verbindung weniger giftig war, wenn 
gleichzeitig Askorbinsaure einverleibt wurde (Thyroxin, 
Benzol, Sulfonamidpraparate, Germanin, Atophan, Chinin, 
Santonin, Dihydrotachysterin, Salvarsan). 

III. Eine antagonistische Wirkung der Askorbinsaure in vivo 

(gegeniiber Thyroxin, gewissen Sexualhormonen, Dinitro- 
phenol). 

IV. Stabilisierung leicht oxydabler zyklischer Verbindungen 
durch Vitamin C in vivo und in vitro. 

(Adrenalin, [Salvarsan], Vorstufen der Harnfarbstoffe 
[Urochrom A] und der Pigmente.) ‘ 

V. Einwirkung zyklischer Verbindungen auf den C-Vitamin- 
umsatz in vivo. 

Diese konnte nachgewiesen werden durch 

vermehrte Ausscheidung von Askorbinsaure im Harn bei 
der Ratte nach Einverleibung von Barbitursaure, Sulfa- 
nilamid, Sulfapyridin, Phenol, Salizylsaure, Aminopyrin, 
Ahtipyrin, Azetanilid, Phenazetin, 
verminderten Askorbinsauregehalt der Gewebe bei der 
Ratte Oder beim Meerschweinchen nach Einverleibung 
von Toluylendiamin, Azetanilid, Azetophenetidin, Amido- 
pyrin, Kampfcr, Borneo!, Hydrazin, Benzol, Sulfonamid- 
praparaten. Thyroxin, verschiedenen Sexualhormonen, 
grbsseres Defizit bei Belastungsversuchen am Menschen 
(Benzol), Senkung des Askorbinsauregehaltes des Plasmas 
(Neosalvarsan, Benzol). 

Es liegen also zahlreiche Beispiele von Reaktionen zwischen 
Vitamin C und zyklischen Verbindungen in vitro wie in vivovor. 

In einem Falle hat man die Rolle der Askorbinsaure sowohl in 
vitro als in vivo erklaren kbnnen, namlich was die Stabilisierung 
leicht oxydabler zyklischer Verbindungen durch Askorbinsaure 
betrifft. Die Wirkung griindet sich hier auf die reduzierenden 
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Elgenschaften dor Askorbinsaure uiid iiussert sich in vitro z. B. 
ilarin, dass die Entstehnng farbiger Oxydationsprodiikte ver- 
hindort wird, in vivo B. als cine Veretiirkiing der Adrenalin- 
wirkung nnd cine Abnahinc der Farbstoffbildung imd Pigmen- 
(ierung. Aucb betreffs der Entgiftung von Salvarsan hat man 
dicselbe Erkh'irung angenoininen: die Wirkung der Askorbin- 
sliurc $olle auf oincr Hcminiing der Arsinoxydbiiduug beruhen. 
Nach dem referierten Versuclismaterial zu urtcilcn, kann es 
jedoch ehensogut so scin, dass das Salvarsan cine Umwandlnng 
vom selben Scblnge wic z.B. einfaehe aroniatische Verbindimgen 
(I’henoi It. a.l orfdhrt. 

Im dbrigen dilrfte indcssen der Vcrlanf in vivo ganz unbe- 
kanin sein. Als Erklarung der beolmeltleten Umwandlung von 
ATninosiitiren in vitro hat man cinen oxydativen Yorgang ange- 
noinmen. Da. sieh die Entstchnng von Wasserstoffsuperoxyd 
Oder atJdercn Peroxvden bei Oxvdation von Askorbinsaure hat 
naclnveisen lassen, ist die Muglichkeit erbrtort vorden, dass die 
Oxvdation durch die besagten Sfnffe herbcigefiibrt worden sei. 

Das Yilamin'C-Seljrifttnin ist bier zavar nur soweit referiert 
worden, als e? auf den Zusaminenliang von zyklisclieu Verbin- 
diingen nnd A«kor))jnsilure Bezug hat. Trotzdem diirften die 
angezogenen Arbeiten grossc Teiin der gegcriu-iirtigen Einsicht 
in «!ie ciiemisebe tind pharniakologisehe I'unktion des Yita- 
mins C mnfassen, Soweit ich babe selicn Icbnnen, findet sich 
indessen in der Literattir kein llinwcis darauf. dass das Yita- 
inin C von spezicllor Bcdcutung flir den Umsatz gerade zykli- 
schcr Yerbindungen wiirc. 

Dies diirfte folgcndc Oriindc haben: 

In sehr hohem CJrnde var man darauf eingestellt, dass die her- 
vorsteehendste cbemi.'Jche Eigenschaft der Askorbinsliurc ihr 
Heduktionsvennugen sei tnni dass dieses weilgehcnd auch ihre 
physiologische Bcdcutung liedinge. ^Yic schon erwahnt, vennag 
dieses auch gevissc der beobaclitoten Reaktioium zu erklaren. 
Bei den (ibrigen reicht es indessen nicht aus, und die Thcorien 
Uher die Bcdeutting dcs Auftretens von Peroxyden bei der Oxi- 
dation der Askorbins.Uure halten keine Beaclituug gefunden. ^Vas 
xykiischc Yerbindungen tind Yitainin C betrifft, erscheint es 
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indessen wesentlich, festzuhalten, dass Vitamin C sowohl um- 
wandelnd als stabilisierend wirkeii kann. 

Bei den Versuchen, Entgiftung durch Askorbinsaure nach- 
zuweisen, ist man im allgemeinen von der Voraussetzung ausge- 
gangen, die Entgiftung vollziehe sich durch eine Koppelung der 
Askorbinsaure und der zyklischen Verbindung. Da eine solche 
Koppelung in keinem Falle hat nachgewiesen werden konnen, 
hat man sich zu den getvonnenen Resultaten ablehnend verhalten. 

Auch andere Verbindungen als zyklische haben in vitro durch 
Askorbinsaure umgewandelt werden konnen. Angaben iiber eine 
ahnliche Einwirkung in vivo diirften jedoch selten sein. 

Der Antagonismus zwischen Vitamin C und Thyroxin sowie 
gewissen Sexualhormonen hat ziemliches Interesse erweckt. Man 
hat indessen diesen Antagonismus als eine Folge davon aufge- 
fasst, dass das Vitamin und die Hormone gewisse Reaktionen im 
Organismus in entgegengesetztem Sinne beeinflussten. Ebenso 
wahrscheinlich durfte es aber sein, dass in einem akuten Versuch 
mit gleichzeitiger Einverleibung von grossen Mengen Vitamin 
und Hormon das Hormon direkt durch das Vitamin umgewan- 
delt wird. Dies ware eine direkte Analogie zur Stabilisierung des 
polyphenolahnlichen Adrenalins durch Vitamin C unter den ent- 
sprechenden Bedingungen, doch ist in dem Falle selbstverstand- 
lich ein Synergismus die Folge. In den Versuch en, in denen man 
einen gesteigerten C-Vitaminverbrauch nach Zuftihrung von 
Hormonen gefunden hat, durfte die Erklarung — in Anbetracht 
der kleinen Hormonmengen — am ehesten darin zu suchen sein, 
dass die fraglichen Hormone durch ihre stoffwechselsteigemde 
Wirkung indirekt den C-Vitaminbedarf ebenfalls steigern. 


Fragestellung. 

Eigene fruhere Untersuchungen sowie Angaben in der Lite- 
ratur lassen erkennen, dass die Askorbinsaure fur den Umsatz 
zyklischer Verbindungen und fur die Bildung von Urochrom A 
wichtig ist. 

Die vorliegende Untersuchung verfolgt die Absicht, den 
Zusammenhang zwischen Vitamin C, zyklischen Verbindungen 
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iiiid Urochrom A nither zu beleucliten; folgende Probleme steben 
zur Behandlimg: 

Welche Faktoren konnen auf die Umwandlung zyklischerVer- 
bindiingen durcli Askorbinsiuire untcr Bildung von Urochrom A 
in vitro einwirken? 

LUsst sich einc Umwandlung zyklischcr Verbindungen durch 
Askorbinsiinre wnter Bildung von Urochrom A auch in vivo 
nachweisenV 

Welcher cheniische Hergang liegt der Umwandlung der zyk- 
lischen Ycrbindung nnd der Bildung des Urochroms A zugrunde? 

1st das Urochrom A ein einheitlicher Stofi? 

Kann die Umwandlung zykiischer ^'crbindungen als eine 
wesentliche Fnnktion dcs AUlamms C gelten? 


Um diese Probleme zu untersuchen, muss man die reagieren- 
den Stoffe (Askorbinsaurc und zyklische Ycrbindung) und das 
Produkt (Urochrom A) bei Yersuchcn in vitro sowohl als in 
vivo quantitativ beslimmcn. Man muss also solche zyklischen 
Yerbindungen untersuchon, die wir quantitativ be-stimmen 
konnen. 

In friihercn Untersuchungen (Ekman 1942) wurde gezeigt, dass 
der Histidinumsatz durch Yitarain C bceinfhisst wird, ebenso ein 
Benzolderivat. das Phenol, 

Da es sich nun darum handelte, die bei der Umwandlung 
zykiischer Yerbindungen obwaltenden Verhaltnisse naher zu 
nntorsuchen. erschien es wunschenswert. neue zjddische Ver- 
bindungen in den Rahmen der Untersuchung einzubeziehen. Die 
^Yahl fiel auf Indol, Benzol, Sulfanilamid und Salizylsaure, und 
zwar aus folgenden Griinden: 

1. Das Indol repriisenticrte cine bishcr nicht imtersuchte 
Gruppe zykiischer Yerbindungen. 

2. Das' Phenol ist ein Jfonooxybenzol, und durch die Wahl 
von Benzol, Salizylsaure und Sulfanilamid wurde erreicht, dass 
die Untersuchung toils die dcnkbar einfachste Benzolverbindung 
und toils kompliziertero AbkOmmlingc umspannte: die Salizyl- 
silure mit einer Karboxylgruppc und das Sulfanilamid mit emer 
Aminogruppe und einer Sulfonamidgruppe. Das Benzol konnte 
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zwar nictt quantitativ bestimmt werden, doch hatte diese Ver- 
bindung dark ihrer Fliichtigkeit und geringen Lbslicbkeit in 
Wasser wesentliche Vorziige, wenn es gait, die Umwandliings- 
produkte in den Versuchen in vitro zu untersuchen. 

3. Weder der Salizylsaure-, Sulfanilamid- nock der Benzolum- 
satz konnen bei Versuchen in vivo dadurch beeinflusst werden, 
dass diese' Stoffe in der Nahrung vorkommen, was bei den in 
friiheren Arbeiten untersuchten Verbindungen (die Aminosaure 
Histidin und Phenol, das beim Umsatz gewisser Aminosauren 
freigemacht werden kann) der Fall war. 

4. Der Umsatz von Benzol und Indol sowie von Salizylsaure 
und Sulfanilamid ist an und fiir sich von Interesse, da diese 
Stoffe aktuelle toxische Verbindungen bzw. vielgebrauchte Heil- 
mittel sind. 



KAP. 11. 


Metliodik. 

I. Quanfifativc Beslinimung dcs Uroclirom A. 

In ein'ir frUheren Arbeit (Ekmak 1940) wurde eine Methods 
7.ur quantitativen Bestiinmung von Urochroiu A angegeben, die 
aich auf d.ie Ausfilllbarkoit des Urochroms niit Kupferazetat 
griindet. Das Prinzip dcr Methode ist folgendcs: 

Man vergicicht die Farbo einer Losung, die nach vorbereiten- 
der Ausfilliung von Phosphaten und Sulfaten mit Kupferazetat 
gefilllt und dann mit SalzsRurc gekocht worden ist, mit der 
Farbe einer andcren Portion dcrsclben Losimg, die zwecks Kom- 
pensation der FiillungslOsungen mit Aq. dost, versetzt und dann 
ebenfalls mit Salzsilurc gekocht worden ist. Der Farbunter- 
scbied ist ein Ausdruck fiir die Urocbrom-A-Konzentration, und 
er lilsst sich dirckt ablcscn, indem man mit der gefilllten Losung 
in der einen Ktivette und der nicbt gefilllten als Vergleicbs- 
Ibsung in der anderen kolorimctriert. (Dasselbe Prinzip beim 
Kolorimetrieren wurde von GrOkwali. (1938) in ilirer »kolori-: 
metrisclien Methode zur Bestimmung der Indolderivate im Harn» 
verwendet.) 

Bei der Kolorimetric cnthiilt folglich die eine Portion Kupfer- 
azetat und die andere nicht. Es hat sich gezeigt, dass die Anwe- 
senheit gewisser aromatischer Verbindungon, die bei Versuchen 
in vivo und in vitro zur Anwendung gclangen werden, in der 
Probelosung eine Farbreaktion mit Kupferazetat bewirkt, welche 
die Urochrom-A-Bestimmung stdrt. Urn diese Fehlerquelle aiis- 
zuschalten, muas man also darauf achten, dass beide Portionen 
gleich grosse Mengen Kupferazetat enthalten. Urochrom A asst 
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sich mit Kupferazetat nur in neutraler oder schwacli saurer 
Losung fallen, wahrend die Farbung der aromatischen Verbin- 
dungen mit Kupferazetat dieselbe ist, unabbangig davon, wann 
die Kupferazetatlosung zugesetzt wird. Bringt man also die 
Kupferazetatlosung erst nach dem Zusatz von Salzsaure in die 
Vergleichsiosung, so wird die Urochrom-A-Konzentration nicht 
beeinflusst, wahrend dagegen etwa vorhandene aromatische Ver- 
bindungen eine in beiden Lbsungen gleich starke Farbung 
bewirken und somit die Urochrombestimmung nicht storen. 

Die Urochrom-A-Bestimmung geschah in dieser modifizierten 
Form nach folgendem Arbeitsschema: 

(Zum Kochen werden Reagensglaser von 50 com aus Jenaglas ver- 
wendet, die mit einem Merkstrich fur 20 com und 2 Glasperlen versehen 
sind. Im iibrigen werden gewohnliche Reagensglaser benutzt.) 

1. 20 com ProbelSsung werden mit 2 com Bariumazetatlosung (53 g — 
1000 ccm Aq. dest.) und 1 com 10 % Ammoniak versetzt. Schtitteln, dann 
Erhitzen tiber dem Bunsenbrenner, bis sich ein grobflockiger Niederschlag 
von Phosphaten zeigt. Filtrieren. 

2. 10 ccm des Filtrats von 1. werden mit 10 ccm 5 % Kupferazetat- 
losung versetzt. Das Gemiscb wird uber Nacbt stebengelassen und am 
nSchsten Tage filtriert. 

3. a) In ein Kochreagensglas werden 5 ccm des Filtrats von 1., 10 ccm 
In HCl und 5 ccm 5 % Kupferazetatlosung gegeben. 

b) In ein zweites werden 10 ccm des Filtrats von 2. und 10 ccm In HCl 
gebracht und 5 Min. auf einem KjELDAUL-Mikroofen gekocht. (In beide 
Reagenzglaser werden 2 Glasperlen gelegt, um Stossen zu verhindem.) 

4. Nach dem Erkalten wird bis zur Marke verdiinnt, filtriert und im 
ZEissschen PuLPHRiCH-Stufen-Photometer kolorimetriert, wobei die beiden 
grossten Kiivetten (30 mm) und das Filter S47 verwendet werden. 

(Extinktionswerte iiber 1,4 sind der Urocbrom-A-Konzentration nicht 
direkt proportional. Ergeben sich solche Werte, so muss die Bestimmung 
nach geeigneter Verdiinnung der Probelosung wiederholt werden.) 


Angabe der Ergebnisse. 

Da bisher noch keine ausreichenden Mengen eines definierten 
TJrochrom-A-Praparats haben dargestellt werden kbnnen, konnte 
die Bestimmungsmethode nicht kalibriert werden, sondern sie 
liefert nur relative Werte. 

Damit diese vergleichbar werden, wird der auf dem Photo- 
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meter abgelesene Wert (der Extinktionswert = E) bei Bestim- 
mung nach der besagten Methodik und bei einer bestimmten 
Hariimenge pro Tag angegeben. Bei Versucben mit Meerschwein- 
clien z. B. ist der im Verlauf von 24 Stunden gesammelte Harn 
anf 25 ccm vcrdiinnt worden. Bisweilen betragen die Harntages- 
mengen tiber 2o ccmj da aberj wie aus den Verdtinnungsver- 
suchen, S. 51, fiir die angegebene irbthodik das BEERsche Gesetz 
gilt, kann man diese Werte direkt auf die Tagesmenge 25 ccm 
umrechnen. 

Bei Versucben mit Tieren von erheblicben Gewichtsunter- 
schieden ist die Urochrom-A-Ausscheidung als Index laiit fol- 
gender Formel angegeben v’orden: 

Urocbrom-A-Index = 

g 

E ist der Extinktionswert bei Bestimmung in einer definierten 
Tagesmenge Harn, g das Gewicht des Tieres in Gramm (Multi- 
plikation mit 10000, um Dezimalstellen zu vermeiden). 


rrufung der Methode. 

Dio Konzentrationen der angewandten Losungen stimmen mit 
denen iiberein, die Dombrowski (Seite 13) bei seinen Versucben 
zur Isolierung von Urocbrom verwendet bat. Die Losungen, die 
fur Urocbrom-A'Bestimmungen in Frage kommen, Ham und 
Losungen von Versucben in vitro, konnen indessen in ihrer 
Zusammensetzung hinsicbtlich anderer Stoffe bdcbst betriicht- 
licbe Variationen aufveisen. In Ermangelung eines zweckdien- 
licben Urocbrom-A-Priiparats liisst sich die Methodik nicht in 
gewobnter Weiso durcb Zusatz bekannter Urochrommengen zu 
verschiedenen >Probelosungeni' kontrollieren. Man kann indes- 
sen feststellen, ob unterscbiedlicbe Konzentrationen der Reagens- 
losungen grosse Veriinderungen der abgelesenen Werte zur Folge 
haben. Bleiben die Werte stabil, so ^vird man erwarten diirfen, 
dass die Metbode auch in unterschiedlichen Milieus reproduzier- 
bare Werte liefern wird. 



48 


BIRGER EKMAN 


TABELLE 2. 

Die Einwirkung von Inderiingen der Bariumazetatkonzentration auf den 

Exlinktionswert. 


Bariumazetat g/1 

26,5 

53 

106 

Menschenharn E 


0,26 


MeerschweinchenhaTn E 


0,76 


)>Histidinversiich» E 

■■ 

0,93 



TABELLE 3. 

Die Einwirkung von Anderungen der Ammoniakkonzentration auf den 

Exlinktionswert. 


AmraoniaklOsung % 

5 

10 

15 

20 

Menschenharn E 

0,25 

0,27 

0,34 

0,34 

Meerschweinchenharn E 

0,85 

0,86 

0,79 

0,74 

»Histidinversuch» E 

0,97 

1,02 

1,02 

1,00 


TABELLE 4. 

Die Einwirkung von Anderungen der Kupferazetatkonzentration auf den 

Exlinktionswert. 


Kupferazetatldsung % 

4 

5 

6 

Menschenharn E 


0,35 

0,32 

Meerschweinchenharn E 


0,81 

0,82 

jHistidinversuch* E 


0,95 

0,87 


TABELLE 5. 

Die Einwirkung von Anderungen der Salzsdurekonzentration auf den 

Exlinktionswert. 


Salzsaure n 

0,5 

1 

2 

Menschenharn 

E 

0,26 

0,25 

0,265 

Meerschweinchenharn 

E 

0,57 

0,80 

0,83 

»Histidinversuchs 

E 

1,0 

0,95 

0,92 
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Wie nun aus den Tabellen 2-5 crsichtlich ist, bewirken auch sehr 
Starke Schwankungen in der Zusammensetzung der Bariumazetat-. Am- 
moniak-. Kupferazetat- und SalzESurelOsungen nur geringfUgige Schwan- 
kungen der abgelesenen Werte, einerlei ob die ProbelOsung menschiicher 
Harn, Mcerschveinchenurin oder cine L6sung von einem Versuch in vitro 
bt. (In der Spalto >Histidinversuch> in den Tabellen bandelt es sich um 
Lbsungen. die bei Abbauversuchen mit Histidin durch Askorbinsaure 
erbalten worden sind.) 

Tabellc 0 zoigt, dass die Fllllung mit Kupferazetat bei schwllcberen 
Urochrom-A-Konzentrationen schon nach 3 Stunden vollsWndig ist, bei 
hohen Konzentrationcn nacli 21 Stunden. Die Vorsclirift des Arbeits- 
schema.', die ProbclOsungen an dem einen Tagc zur F.'illung anzusetzen 
und sie erst am niichsten Tage fcrtigzumaclien, gewiihrleistet also wohl 
cine Yollst.'indige Flillung. 

Wie axis Tabelle 7 liervorgeht, crblilt man dasselbe Ergebnis bei An- 
xvendung der ursprtlnglichen odor der modifizierten Methode, soweit es 
sicb um normalen Harn bandelt, wUhrend in salizylsllurehaltigem Earn 
das ursprilnglichc Vcrfahren bedeutend niedrigere Werte gibt. 

Kach den llboroinstimmendcn Angaben des einschUigigen Scbrifttums 
ist das Uroehrom cine Icichtoxydable Verbindung, deren fortschreitende 
Oxydation wcnigstciis zum Toil der Grund fUr die sog. Nachdunkelung 
des Urins ist. Bei einem kolorimctriscben Vcrfahren zur Bestimmung 
von Urocbrom A muss man dcsbalb zuseben, dass die Bestimmung mit 
I'rochrom in einem definiorten Oxydationsstadium erfolgt, und zwar am 
einfacbsten nacb vollst'lndigor 0.xydation. Aus diesem Grundo xverden 
die einzelnen Harnportionen vor dem Kolorimetrieren gekocbt. 

Bei Bcbandlung mit S.'iurcn in WUrme konnte Domurowski (Seite 13) 
cin Helanin aus Lbochrom erbalten, wcshalb also die Kocbzeit nicht zu 
lang gew.Hhlt sein darf. Wie Tabelle 8 zeigt, erhlilt man bei 4— dminti- 
tigem Kochen konstantc Ableswerte und cine Kocbzeit von 5 Min. er- 
scboint also zxvcckm.'Lssig. 

Wie au.e Tabelle 9 er.=icbtlich, ist die Kolorimetrierfarbe wenigstens 
24 Stunden lang baltbar, was von praktiscber Bedeutung ist. Es besagt 
aus.'^erdctn. d.ass die durch dtis Kochen erzielte Oxydation des Urochroms 
vollsUindig war, da cin wciteres Nachdunkeln nicht eintritt. 

Dieselben Bcfundc, die in den Tabellen G— 9 fUr Meerschweinchenharn 
angegeben sind, babe icb in Jlbnlicben Versuchen mit Menschen-Urin und 
mit au."; Versuchen in vitro gewonnenen Lbsungen erhoben. 

Um zu untersucben. ob direktc Proportionalittit zwischen den Extink- 
tionsAverten und den Urochromkonzcntrationen bestebt, d. h. ob das 
BEERHche Ge.setz fQr die Jfetbodc gUltig ist, wurde folgendermassen ver- 
fabren. 

Relativ konzentriertc Urine oder Lbsungen aus Versuchen in vitro 
wurden mit Aq. dest. aufgefallt, so dass die Summe von Urochromlbsung 
und Aq. de.«t. stcts 20 ccm war, d. h. die Menge, mit der die Bestimmung 

■4 



50 


BIRGER EKMAN 


TABELLE 6. 

Bestimmung der Zeit, die zur vollstandigen Ausfallung mit Kupferazetat 
bendtigt wird. (Meerschweinchenharn) 


Stunden 

Harn Nr. 


2 

3 

3 E 

n 

0,98 

0,94 

CO 

BH 

0,93 

0,97 

21 E 


1,18 

1,18 

30 E 

■■ 

1,13 

1,21 


TABELLE 7. 


Vergleich zwischen den Extinktionswerten, nach der urspriinglichen 
und der modifizierten Methodik erhalten, bei nortnaler Kost und bei 
Verabreichung von Nairitimsalizylat. 


Meerechweinchen 

E 


Nr. 

Mit CuAc 

Ohne CuAc 


1 

0,58 

0,61 


2 

0,60 

0,52 

GewOhnliche Kost 

3 

0,43 

0,43 


4 

0,54 

0,44 


5 

0,95 

0,48 

Diese Tiere erhielten 

6 

0,44 

0,OT 

taglich Natriumsalizylat 


TABELLE 8. 


Bestimmung der Kochzeit. (Meerschweinchenharn) 


Kochzeit in Minuten: 

3 

4 

5 

1 

i 

6 

8 

E (Mittl. Wert) 

Anzahl d. Bestimmungen 

0,47 

1 

0,463 

3 

0,463 

3 

0,46 

2 

: 

0,445 

2 
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TABELLE 9. 

Halibarkeit der Kolorimetriefarbe. (Meerschweinchenharn) 


.Ablesung nach 

Harn Nr. 

1 

2 

3 

4 

5 

6 

7 

8 

.9 

10 

V* Stunde E 

0,38 

0,12 

0,3 G 

0,20 

0,49 

0,25 

0,35 

0,47 

0,47 

0,20 

16 Stdn E 

0,38 

0,13 

0,3 G 

0.19 

0,50 

0,25 

0,37 

0,49 

0,48 

0,20 

26 > E 

0,39 

0,14 

0,38 

0,20 

0,50 

0,27 

0,36 

0,50 

0,49 

0,21 


durchgefuhrt wird, z. B. 1 ccm Urochromlo&ung + 19 ccm Aq. dest., 2 ccm 
UrochromlOsung + 18 ccm Aq. dest. us^v. Es ergibt sich dann cine Reihe 
von Urochromlosungen, deren relative Urochromkonzentration sich mit 
den Zahlen 1, 2 usw. ansdrucken Ihsst. 


20 


15 


10 


5 


0 0.5 1 . 0 1 

Abh. 1. Das Verhdltnis Urochroin-A-KonzentTationlExtinktionsicert. 
Kurve I: Lbsun^ aus ^Histidinversuch*. 

Kurve II: Meerschw'einchenharn. 



Wie aus Abb. 1 hervorgeht., besteht cine direkte Proportionalitiit 
zn’ischen Konzentration iind Extinktionswerten. 

In der eingangs erwiihnten Arbeit (Ekman 1940) konnte eine solche 
direkte Proportionalitat nicht nachgewiesen werden. Mit dem jetzt an- 
gewandten Verfahren ist dies indessen stets gelungen, vorausgesetzt, 
dass die Extinktionsiverte nicht 1,4— 1,5 iibersteigen. Da indessen^ das 
PuLPimicn-Photometer lieine exakten Ablesungen so hoher Extinktions- 
werte erlaubt, spielt die Einschriinkung, die also bezuglich des Konzen- 
trationsbereiches, innerhalb dessen des BEEHsche Gesetz gilt, zu machen 
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TABELLE 10. 

Zusatz von Askorbinsaure sum Ham beunrkt eine gewisse Sfeigerung 

der Urochrom-A-Werte. 

Nachdem die Askorbinsaure den Harnen zugesetzt worden war, blieben 
diese drei Tage unter Toluol stehen. Oberall Mittelwert aus Doppel- 
bestimmungen. 


Harn von: 

Men sell en 

E 

Meerschweineben 

E(a) 

E(b) 

100 ccni Harn + 100 mg Ask. 


0,76 


-f- 50 > » 


0,635 

0,24 

— — — 

0,303 

0,675 

0,255 


TABELLE 11. 

Einwirkung des Zusatzes von Eydrochinon und Brenzkatechin auf den 
Extinktionswert. (Eigener Harn) 


Zusatz in mg/20 cem Harn 

0 

0,6 

B 

3 

6 

10 

E bei Zusatz von Hydrochinon 


0,08 

0,15 

0,16 

0,24 

0,32 

Brenzkatechin 


0,08 

0,11 

0,21 

0,19 

0,16 


TABELLE 12. 

Der Vrochrom-A-Gehalt des Hams verdndert sich bei Aufbewahrung 

nur wenig. 

Versuche mit Meerschweinchenham, der 3 Tage lang gesammelt und 
dann teils sofort und teils nach wechselnd langer Zeit analysiert wurde. 


Harn Nr. 

Bestimraung nach 

IJnmittelbar 

1 Tag 

2 Tagen 

3 Tagen 

1 E 

0,50 

0,47 

0,47 


2 E 

0,70 

0,69 

0,69 


3 E 

0,62 

0,58 

0,55 


4 E 

0,22 

0,16 

0,18 


5 E 

0,33 



0,32 
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ist; praktiscli keine Rolle. Durch geeignete Verdunnung lassen sick selbst- 
verstiindlich auch diese konzentrierten Losungen bestimmen. 

In der vorliegenden Arbeit wird die Urochrom-A-Bestimmungsmethode 
an Urin angewandt werden, der wecliselnde Mengen Askorbinsaure und 
in gewissen Fallen Polyplienole enthiilt. Von prinzipieller Bedeutung ist 
es dabei, festziistellen, ob der Zusatz dieser Stoffe zum Earn die Uro- 
cbromwerte iindert. Aus Tabelle 10 geht hervor, dass bei hohen Askor- 
binsaurekonzentrationen im Earn die Tendenz steigender Urochrom-A- 
Werte auftritt. Dies durfte sich dadnrch erklaren lassen, dass zyklische 
Verbindnngen im Earn durch Askorbinsaure unter Entstehung von Uro- 
clirom A oxydiert Averden, analog den Ergebnissen der Versuche in vitro 
in Kap. III. Tabelle 11 zeigt, dass Avenn Brenzkatechin oder Eydrochinon 
zu einem Earn gesetzt Averden (nach dem Zusatz blieb der Earn 24 Stdn 
stehen), diese Polyplienole erhohte Urochrom-A-Werte verursachen. Es 
muss aber betont Averden, dass die im Earn ausgeschiedenen Polyphenole 
grfisstenteils mit Sduren gepaart (Neubauer-Euppert, 1913) und damit 
auch stabilisiert Avorden sind und Avie eine Untersuchung in Kap. IV er- 
AA'eist, Avurde die Polyphenolausscheidung nach EinAmrleibung von tSglich 
50 mg Eydrochinon nur auf ungefiihr 3 mg erhoht (berechnet als Eydro- 
chinon). Kach Tabelle 11 stieg aber der Urochrom-A-Extinktionswert nur 
von O.os bis O.iG bei einem Zusatz A'on 3 mg Eydrochinon. Es dtirfte also 
angenommen Averden, dass die Verlinderungen der Urochrom-A-Werte in 
vivo durch Zufuhr von zyklischen Verbindungen das Ergebnis eines che- 
mischen Vorgangs sei, der im Organismus und nicht im Earn stattge- 
funden hat. 

Bei TJrochrombestimmungen im Earn muss dieser Avahrend kiirzerer 
Oder Ihngerer Zeit gesammelt und aufbeAvahrt Averden. Der Earn Avurde 
stets unter einer etAA*a cm-dicken Schicht von Toluol aufbeAvahrt, und Avie 
aus Tabelle 12 hervorgeht, erfahrt unter diesen Bedingungen die Uro- 
chrom-A-Konzentration keine Veranderungen, Avelche die Beurteilung des 
Resultats beeinflussen kbnnen. 


Die Spezifitiit der Metliode. 

Mit Hilfe des liier angegebenen Verfabrens lassen sich selbst- 
verstiindlich alle durch Kupferazetat fallbaren Farbstoffe, die in 
alkalischem und saurem Milieu haltbar sind und mit dem Filter 
S47 eine Extinktion liefern, bestimmen. In der vorliegenden 
Arbeit ist die Entstehung von durch Kupferazetat fallbaren 
Farbstoffen unter folgenden Verhaltnissen untersucht worden: 

1. In vivo bei Avechselnder C-Vitaminzufuhr und bei Avechseln- 
der Zufuhr zyldischer Verbindungen. 
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2. Bei Versuchen in vitro mit zyklischen Verbindungen und 
Askorbinsaure. 

Soweit icb in der mir znganglicben Literatur babe feststellen 
konnen, sind im normalen Harn nur Urocbrom A und die Purin- 
stoffe durcb Kupferazetat fallbar. Die Purinstoffe sind indessen 
farblos, konnen also die Urochrombestimmung nicht beeinflussen. 
Wahrscheinlich ist es jedoch moglicb, beispielsweise in Tierver- 
suehen mit der Kost Farbstoffe einzuverleiben, die im Harn aus- 
gesoMeden werden und zu hohe Urochrom-A-Werte veranlassen 
konnen. Ferner bat es sicb gezeigt, dass man zu bobe Urocbrom- 
A-Werte erbalt, wenn der Harn mit Blut verunreinigt ist, z. B. 
aus Darmblutungen skorbutiscber Meerscbweincben. 

Um die mittels der Metbode gefundenen Urocbrom-A-Werte 
aus den Versucben in vivo wie in vitro vergleicbbar zu gestalten, 
bin ieb wie folgt vorgegangen: 

1. In samtlicben Tierversucben wurde ein und dieselbe Kost 
gereicbt, die an und fiir sicb farblos ist. (Siebe S. 92.) 

2. Da die Bestimmungsmetbode auf einer Fallungsreaktion 
fusst, kann man dieselbe Fallungsreaktion unt-er denselben Ver- 
haltnissen wie in der quantitativen Bestimmungsmetbodik anwen- 
den, um den in jedem Falle untersucbten Farbstoff zu isolieren.- 
Dies ist aucb gescbeben, und wie aus Kap. VII bervorgebt. 
konnen die »Urocbrome», die unter weehselnden Verhaltnissen 
mit dem Harn aiisgeschieden oder bei Versucben in vitro gebil- 
det werden, durcb eine spektrograpbiscbe Untersucbung nicbt 
voneinander unterscbieden werden, und sie verbalten sicb gegen- 
iiber Zusatzen von Ammoniak und Salzsaure gleicb. Wenn aucb 
eine vorlaufige Untersucbung gewisser cbemiscber Verbaltnisse 
ergibt, dass die Farbstoffe nicbt in samtlicben Fallen identiscb 
sind, muss man docb annebmen, dass sie eng miteinander ver- 
wandt sind und dass die gescbUderte kolorimetriscbe Bestim- 
mungsmetbode reproduzierbare Werte liefert, die zur Grundlage 
von Studien tiber die Verbaltnisse dieser Farbstoffe in vivo und 
in vitro gemacbt werden konnen. 
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Die ZuYcrlussigkeit der Hretliode. 

Um den mittlercii Felder der Einzcibestimmung zn erniitteln. machte 
ieh 10 Bestinimungen im selben Harn mit vollstiLndigem Analysengano-. 
Die Extinktionswerte •vvaren folgende: 


0.6S7 0.850 O.saa 0.ssr, 0,S)2 0,913 O.eoo O.occ 0,897 0,S99 
Der mittlcrc Felder dcs Mediums betriigt ± 0,0023, die Dispersion ± 0,oo73. 


II. Qunnlilative Beslimmnng frcier und gebiiiideiier 

Salizylsjiurc. 

Die quantitative Bestimmnng von Salizylsiinre ist in sehr zahl- 
rciehen Untersuclningen bearbeitct worden. Das reiche Sclirift- 
tum ^volle man bei TnomniN nnd Hakzlik (1915), Lobeug (1926) 
nnd Vartiainen (1934) nachschlagen. Hier sei nur erwiihnt, dass 
die allgemeinc Ansicht dahinziigehen sdioint, dass Salizylsiinre, 
die Mensclien oder Tiercn einverleibt wird, toils unverilndert 
nnd toils gebnnden, nnd zwar letzterenfalls hanptsachlicli als 
Salizylnr.siinre, ansgeschicden wird. Nachdem es Holmes (1926) 
nnd Quick (1933) gelungen ist, Salizylnrsiinre ans Harn zn isolieren 
nnd mit volliger Sicherlieit zn identifizieren, diirfte H^vnzliks 
(z. B- 1930) negativen Versuclien keinc Bedentnng mehr beige- 
niessen Averden konnen. Gewolinlich scheint man die kolori- 
metrli^clien Methoden den nrspriinglichen gravimetrischen nnd 
den spiiter ausgearbeiteten massanalytischen, die sicli anf die 
Reaktionen der Salizylsiinre mit Jod nnd Brom griinden, vor- 
znziehen. 

Als Reagens bei der kolorimetrischen Bestimmnng ist banpt- 
siiclilich Ferrichlorid beniitzt worden. In sehr eingelienden Unter- 
.‘^uchungen hat Yautiainek (1934) zeigen konnen, dass die Farb- 
reaktion zwischen Salizylsiinre nnd Ferrichlorid sicli gnt als 
Grundlage eines qnantitativen Bestimmnngsverfahrens eignet. 

Bei Bestimmnngen in Urin wirken indessen die Farbstoffe nnd 
anch andere Besfandteilc des Hams in erheblichem Grade 
storend ein, veshalb man im allgemeinen die Salizylsiinre ans 
dem Harn zn isolieren ver.sncht nnd dann die Bestimmnng in 
einer reinen wiissrigen Losnng gemacht hat. Yartiainen (1934) 
extrahierte die Salizylsiinre mit Ather, Hanzlik (1915) nnd 
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Holmes (1926) bedienten sich eines Destillationsverfa.hrens. 
Sowohl Vartiainen als Holmes geben indessen an, dass bei ihren 
Verfahren Salizylverluste auftreten, die im allgemeinen 10 % 
der zur Kontrolle zugesetzten Salizylsauremengen ausmachen. 

Die schon vorliegenden Bestimmungsmethoden dilrften also 
mit ernsten methodologisclien Fehlern beliaftet sein. Hierzu 
kommt, dass samtliche Verfahren, die eine Bestimmung auch 
der gebundenen Salizylsaure gestatten, mit einer Hydrolyse 
durch Kochen mit Saure recht grosser Harnmengen in mit Riick- . 
laufkiihler versehenen Kolben arbeiten. Da die Hydrolyse 3 
(Vartuinen) bis 12 (Benzinger und Wyrsch, 1933) Stunden be- 
ansprucht, dilrften daher immer nur sehr wenige Proben gleicli- 
zeitig analysiert werden konnen. 

Die Schwierigkeiten, eine einfache und zuverlassige Methodilr 
zu finden, spiegeln sich in der Tatsache, dass man bis heute 
noch kaum weiss, ob Salizylsaure im lebenden Organismus ab- 
gebaut werden kann oder ob die Entgiftung nur dadurch ge- 
schieht, dass die Skure mit Glykokoll, Schwefelsaure oder Glyku- 
ronsaure gepaart wird. 

Die Ausarbeitung einer neuen SalizylsSurebestimmungsme- 
thode erschien daher erwiinscht. 

Das Verfahren sollte folgende Forderungen erfullen: einfache 
Hydrolyse der gebundenen Salizylsaure, gleichzeitige Bearbei- 
tung einer grossen Anzahl von Proben, quantitatives Wieder- 
finden der den Versuchslosungen zugesetzten Salizylsaure. 

Ein gangbarer Weg erschien der, die Hydrolyse durch Kochen 
auf dem Wasserbad von kleinen Losungsmengen in Probier- 
glasern vorzunehmen, die mit einer einfachen Kondensations- 
vorrichtung vom selben Typus versehen sind, wie er bei Kochen 
in Kjeldahlkolben (Andersen und Jensen, 1926) zur Anwendung 
kommt. Es ist seit langem bekannt, dass die Salizylsaure aus 
ihrer Losung mit Chloroform quantitativ ausgeschiittelt werden 
kann. Dies scheint zur Grundlage einer bei der Salizylskurebestim- 
mung bisher nicht angewandten Methode gemacht werden zu 
konnen: Ein Teil der Probe wird mit dem Extraktionsmittel 
geschilttelt, und. man kann auf diese Weise, wenn das Extrak- 
tionsmittel spezifisch fiir Salizylsaure ist, zwei Portionen erhal- 
ten, die sich nur so voneinander unterscheiden, dass die eine 
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Salizylsaure enthiilt uiid die andere nicht. Versetzt mn.n dann 
beide Portioncn rnit dem Reagens, so wird der Farbunterschied 
einzig durcli die Reaktion niit der Salizylsaure bedingt sein. 
Sonstige Stoffe, die eventuell unit dem Ferriclilorid reagieren 
konnen, finden sicli in beiden Portionen und konnen die Bestim- 
mung nicht stbren. 

Chloroform, das in dicsem Yerfahren als Extraktionsmittel 
benutzt wordeh isk niinrat indessen auch gewisse Farbstoffe aus 
dem Harn auf: Uroclirom B. Gallfarbstoffe und Uroendhrin. Boi 
Vcrwendung de,s ZEiss’schen PuLPimicii-Photometers zur Kolori- 
mctrie kann man jedoch mit einem Filter arbeitcn, das die Eigen- 
f.arbe dieser Stoffe vollstandig eliminiert. Da die betreffenden 
Stoffe. soweit bekannt, nicht mit Ferriclilorid reagieren, spielt 
ihre gleichzeitige Extraktion keine Rolle. 


3rclhoilik. 

Prlnzlp: L Frew Salizylsaure. Der Harn wird angesauert und 
in zwei Portionen geteilt, von denen die eine mit Chloroform 
geschiltlelt wird. Dann ■werden beide Portionen mit Ferrichlorid 
versetzt und gegeueinander kolorimetriert. 

IT. Gesamtsalhylsaure (frcie + gebundene). Der Harn wird 
dutch Kochen auf dem Wasserbad mit Salzsiiure hydrolysiert, 
Im tlbrigen wird wie bei dor Bestimmung freier Salizylsaure 
verfahren. 


Ausfiilirung. 

I. Frcic Salizi/lsaurc. 1 ccm Ham wird in einem Probierglilschen mit 
5 ccm In Salzs.'inre und 4 ccm Aq. dcst. versetzt Nachdem der Inlialt 
gescliflltelt worden isk werden 2 ccm in ein anderes Probierglas gebracht 
und darin stehengelasscn. Die restlichen 8 ccm werden 5 Min. lang mit 
elwa der gleicbcn Mengc Chloroform im Schiittelapparat gescliiittelt. 
Dicso Extraktion wird im ganzcn 3mal wiederholt (Das Chloroform muss 
mit ctwa In HCl >/s Stunde lang geschUttelt sein, damit nicht die zu extra- 
hicrende Liisung irgendwelclicr SalzsJiure beraubt wird. Chloroform und 
whssrige LOsung lasscn sich am einfachsten in der Weise scheiden, dass 
man das Chloroform mit ciner Wasserstrahlpumpe aufsaugt, die mit einer 
Auffangflaschc fiir das Chloroform vcrbundcn ist Nach der letzten 
Extraktion cmpfiehlt es sich zu filtrieren.) 
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2 ccm des Filtrats werden dann in ein Probierglas gebracht und, ebenso 
wie die restlichen 2 ccm der nicht extrahierten Probelfisung, mit 5 ccm 
20 % Ferrichloridlbsung versetzt. 

Die beiden LOsungen -warden im ZEiss’schen PuLPHRiCH-Photometer mit 
dem Filter S57 und in der 10 mm-Ktivette gegeneinander kolorimetriert. 

II. Gesajntsalizylsiiure. In einem Probierglas werden 2 ccm Ham mit 
5 ccm Salzsiiure (150 ccm Aq. dest. + 850 ccm reine konz. HCl) versetzt. 
In der Miindung des Probierglases wird eine Glaskugel mit Stiel an- 
gebracht (Andersen und Je.nsen, 1926), worauf man das Probierglas 3 
Stunden im kochenden Wasserbad stehenlSsst. Nachdem das Gemisch 
abgekiihlt ist, wird mit Aq. dest. auf 20 ccm aufgefiillt und anschliessend 
filtriert. Von dem Filtrat werden etwa 10 ccm durch viermaliges Schiitteln 
mit Chloroform extrahiert, der Rest bleibt stehen. 

2 ccm der nicht extrahierten ProbelOsung und 2 ccm der extrahierten 
LOsung werden in 2 ProbierglSsern mit je 1 ccm 16 % NaOH und 5 ccm 
20 % Ferrichlorid versetzt. Dann kolorimetriert man wie bei der freien 
Salizylshure. (Nach Zusatz der Natronlauge miissen etwa 4,o ccm 0,in 
Natronlauge filr eine vollstdndige Neutralisation der Losung nOtig sein.) 

Kalibrieruiig der Jletliode und Berechnxmg der Ergebnisse. 

Die Faktoren, die in erster Linie die Formel zur Berechnung des Er- 
gebnisses beeinflussen, sind die Konzentrationen der Lauge und der SSure 
(siehe unten). Es dtirfte bedeutend einfacher sein, nach jeder Neube- 
reitung von Lauge und SUure die Methode gegen bekannte SalizylsSure- 
lOsungen zu stellen, als jedesmal Lauge und SSure von einer gewissen 
exakten Konzentration zu bereiten. 

Beispiel fUr Kalibrierung und Berechnung des Ergebnisses: 200 mg 
Natriumsalizylat wurden in 100 ccm dest. Wasser gelOst und in dieser 
LOsung 5 Bestimmungen nach der Methodik teils fiir freie und teils fiir 
Gesamtsalizylsaure gemacht. Der mittlere Extinktionswert bei Bestim- 
mung freier SalizylsSure war 0,48. Ein Extinktionswert von 1,0 entspricht 
also 4,G5 mg Natriumsalizylat pro ccm ProbelOsung. Die Berechnungs- 
formel ist daher: E X 4,65 X 100 = Natriumsalizylat in mg%. — Der mitt- 
lere Extinktionswert bei der Bestimmung von GesamtsalizylsSure war 0,2i. 
Ein Extinktionswert von 1,0 entspricht also 9,52 mg Natriumsalizylat 
pro ccm ProbelOsung. Die Berechnungsformel ist also: E X 9,62 X 100 = 
Natriumsalizylat in mg%. 

In dieser Form ist die Methodik brauchbar fur Bestimmungen in 
LOsungen mit 25 — 500 mg% freier Salizylsaure und 50 — 1000 mg% Ge- 
samtsaliz 3 dsaure (als Natriumsalizylat berechnet). 

In erster Linie durch Benutzung anderer Kuvetten, femer durch ein- 
fache Veranderungen im Verhaltnis' zwischen der Ausgangsjnenge der 
Probelosung und der iibrigen Losungen lasst sich das Verfahren sowohl 
bei konzentrierteren als bei sch-vvacheren Salizylsaurelosungen verwenden. 
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3Ietliotlologisc]ic Belego. 

1. Exirahtion. 

Jn den frClhercn Arbeiten. in dencn das Extraktionsprinzip angewandt 
vrorden ist, hat man stels aus einer angesiiuertcn Losung cxirabiert. Wie 
labellc lo soigt. crfolgL die Lxtraktion aus einer reincn Natriumsalizylat- 
Idsung mit Ansiutoning etwas schneller als olino solche, dock dUrfte der 
Untorschicd in dieser Beziehung kaum praktischc Bedeutung baben. Wenn 
man mit Urin arbcitet, vird indcssen die Emulsionsbildung zwischen 
Chloroforni und Lbsiing durcli die Ans.’iuerung erheblich behindert, und 
vor nllem ist cs weit Icichtcr, cine klare Losung zu criialten, venn man 
.Salzsiture zusetzt. Aus dor Tabelle geht ferncr hcrvor, dass die Extrak- 
tion freier bzw. dor Gesanitsalizylsilure sclion nacb 2- bzw. Smaligcra 
Ausschatteln vollstiindig isk Das dritte nnd vicrte Scbiitteln, ivie es 
naoh der Mothodik atisgefUlirt wird, dllrftc also einc vollsUlndige Extrak- 
tion gowUhrlelslcn. 


TABELLE 13. 

Die ziir voUstSudipeti Extrahlion dcr SaJizijlstiurc noticendige Anzahl 

von Eiusdextraktionon. 


i 

1 Anr.ah! Extrnktionen 

i 

1 

2 

3 

4 

5 

j 

f 

1 Metbode fflr; 






‘ Frcie S.alirylstiure E 

0,54 

O.S&'i 

0,50 

0,595 

0,59 

i Freie SalizvlsHure ohne 

1 Zusatz von HCl E 

0,02:> 

0,18 

0,19 

0,19 

0,19 

1 Totnl.oalizyJsnoro E 

0,GS 

0,755 

0,77 

0,765 

0,785 


2. T'on den Stoffen, die mit Chloroform aus dem Ilarn exirahiert wer- 
den, liefcrt rinzig die SaUzghUure. mit dcin Filter S57 cine erkennbare 
Farbr mit Ferrirhlorid. 

Bei Bestimmungen in inebreron Hamcn von Meersebweineben und 
Mcn.'^chen. die koine J5nlizylsUuro entbiclten, war die Extinktion im all- 
gomeinen “ 0 (hbebstor beobachteter Wert = 0, 02 ). Dio Metbode dUrfte 
also als fOr die Salizybthire spezifi.sch gclten kdnnen. 


3. Die Fcrrichloridkonzcntration. 

Die bier mitgcteilte Jlctbode untcrscheidet sicb von den frClheren u.a. 
dadurcli, dass das Fcrricblorid einer .stark saiiren LOsung zugesetzt vird. 
Mobrere Autoren baben bervorgeboben, dass die Farbe, die sicb bei der 














60 


BIBGEE EKMAN 


Reaktion zwischen Salizylsaure und Ferrichlorid bildet, beim Hinzukom- 
men von Salzsaure verschwindet, dass man sie aber zurUckerhalten kann 
wenn man Ferrichlorid in starkem tlberscbnss hat. Die Neutralisation 
musste bei den friiheren Verfahren mit neutralen oder schwach sauren 
Losungen mittels einer schwierigen Einstellung auf einen bestimmten 
pH-Wert geschehen, und leichte Veranderungen dieses Wertes diirften 
merkbare Schwankungen der Farbstarke ergeben haben. Einfacher er- 
schien ^ daher, mit einer entschieden sauren Lbsung zu arbeiten, wobei 
kleine Inderungen der Aziditilt keine grossere Rolle spielen. Wie aus 
Tabelle 14 hervorgeht, erzielt man mit einer 20 %igen FerrichloridlSsung 
bei der hier angewandten sauren Lbsung eine maximale Extinktion. 
Geringere Schwankungen der Ferrichloridkonzentration spielen, wie man 
sieht, keine Rolle. 

4. Wahl des Filters. 

Wie man aus Tabelle 15 ersieht, erzielt man mit dem Filter S53 eine 
maximale Extinktion bei Bestimmung in reiner Natriumsalizylatlbsung. 
Die Extinktion mit S57 ist nicht so viel niedriger, dass es fur die 
Empfindlichkeit der Methode belangvoll sein konnte, und wir wahlen 
dieses Filter, um nach MSglichkeit einen stbrenden Einfluss vonseiten 
der Harnfarbstoffe auszuschliessen. 

5. Die Haltbarkeit der Farbe beim Kolorimefrieren. 

Tabelle 16 zeigt, dass die Reaktion Salizylsaure-Perrichlorid sich 
schnell auf eine konstante Farbe einstellt, die besonders bei der Bestim- 
mung von Gesamtsalizylsaure sehr haltbar ist. Bei freier Salizylsaure 
erhalt man nach 24 Stunden eine gewisse Steigerung der Extinktion, die 
wahrscheinlich darauf beruht, dass in der sauren Losung eine Hydrolyse 
gebundener Salizylskure stattfindet. 

6. Kochzeit. 

Tabelle 17 zeigt, dass die Hydrolyse der gebundenen Salizylsaure im 
allgemeinen nach 2stundigem Kochen auf dem Wasserbad, stets aber 
nach 3 Stunden abgeschlossen wurde. Im Gegensatz zu Vartiainens (1934) 
Versuchsanordnung kann man hier, trotz fortgesetzten Kochens, keine 
Zerstbrung der Salizylsaure feststellen. 

7. Die Salzsdurekonzentration bei der Hydrolyse. 

Tabelle 18 zeigt, dass bei recht stark verschiedenen Salzsaurekonzen- 
trationen gleiche Hydrolysenergebnisse erzielt werden. Hier ist eine rela- 
tiv hohe Salzskurekonzentration gewahlt worden, doch ist die konzen- 
trierte Saure, mit der zu arbeiten schwierig ist, vermieden worden. 
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TABELLE 14. 

Maximale Exiinktion wird mit einer 20 % Ferrichloridlosung erzielt. 
In jedem Versuch wurde so viel Aq. dost, beigegeben, dass das Gosamt- 
A'olumen von Ferrichlorid und dest. Wasser 5 com war. 


ccm 20 yo FeCla 

0,2 

0,3 

0.4 

0,5 

B 

2 

3 

4 

5 

Best, von freier Salizylsiiure E 

0,37 

0,44 

0,48 

0,53 

0,60 

0,65 

0,70 

0,70 

0,72 

Best, von Totalsalizylsiture E 

0,20 

0,25 

0,29 

0,33 

0,40 

0,46 

0,50 

0,63 

0,63 


TABELLE 15. 


Die Extinktionswerte mit verschiedenen Filtern bei Bestimmung retner 

SalizylsUuTclosungen. 


Filtrum 

S47 

S50 

S53 

S57 

S61 

Bestimmung von 






Freier Salizylsiiure E 

0,57 

0,66 

0,71 

0,61 

0,37 

Totalsalizylsiiure E 

0,46 

0,63 

0,59 

0,62 

0,32 


TABELLE 16. 

Eic Ualtbarkeit der Kolorimeiriefarbe. 
a. Bestimmung von freier Salizylsiiure. 


Ham Nr. 

■ 

2 

3 

4 

5 

Ablesung nach Stunde 

E 

0,46 

0,56 

0,75 

1,005 

1,235 

nacb 15 Stunden 

E 

0,465 

0,555 

0,76 

1,01 

1,22 

nach 24 Stunden 

E 

0,49 

0,56 

0,76 

1,04 

■1,26 

b. Bestimmung von Totalsalizylsaure. 

Harn Nr. 

■ 

2 

3 

4 

5 

Ablesung nach '/* Stunde 

E 

0,26 

0,35 

0,44 

0,51 

■ 0,576 

nach 15 Stunden 

E 

0,26 

0,35 

0,445 

0,62 

0,68 

nach 24 Stunden 

E 

0,27 

0,35 

0,445 

0,52 

'0,58 
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TABELLE 17. 

Bestimmung der Hydrolysendauer. 


Kochzeit in Stunden'; 

1 

2 

3 

4 

7 

Meerschweinchenharn 






Nr. 1 

E 

0,105 

0,15 

0,165 

0,165 


Nr. 2 

E 

0,205 

0,225 

0,225 

0,23 


Nr. 3 

E 

0,215 

0,25 

0,25 

0,255 


Nr. 4 

E 

0,2C5 

0,295 

0,30 

0,30 


Nr. 5 

E 


0,50 

0,52 

0,62 

0,52 

Eigener Harn 

E 


0,165 

0,16 

0,165 


SalizylsfturelOsung 

E 


0,52 



0,52 


TABELLE 18. 

Die Salzsdurekonzenfration bei der Hydrolyse. 

In jedem Versuch -wurde so viel Aq. dost, zugesetzt, dass beim Kochen 
das Gesamtvolumen von Salzsaure nnd dest. Wasser 5 com betrug. Nach 
dem Kochen wurde im Zusammenhang mit der Verdiinnung so viel Salz- 
saure zugesetzt, dass die gesamte Menge Salzsaure in jedem Versuch 
5 ccm war. Kochzeit 1 Stunde. Eigener Ham. 


ccm konz. HOI 

1 

2 

3 

4 

5 

E 

0,09 

0,11 

0,13 

0,13 

0,135 


8. Bei Zusatz behannter Mengen von Natriumsalizylat zum Earn war- 
den diese guanfitativ wiedergefunden. Es herrscht eine direkte Propor- 
iionalitat zwischen Extinktionswerten nnd Salizylsauremengen. 

FUr eine Serie von Harnen von Meerschweinchen, die Natriumsalizylat 
bekommen batten, wurden die Extinktionswerte bei Salizylsaurebestim- 
mung festgestellt. Danach wurden diesen Harnen bekannte Mengen 
Natriumsalizylat zugesetzt, femer wurden dieselben Mengen Natriumsali- 
zylat in den Hamportionen entsprechenden Volumina dest. Wasser s 
gelost, worauf auch in diesen Losungen Bestimmungen ausgefiihrt wurden. 
Falls die Methode korrekte Werte liefert, muss der Unterschied zwischen 
dem Extinktionswert bei Bestimmung in einem Harn nach Zusatz von 
Natriumsalizylat und dem Extinktionswert bei Bestimmung im selben 
Harn ohne Zusatz gleich dem Extinktionswert bei Bestimmung in der 
entsprechenden Wassermenge mit demselben Natriumsalizylatzusatz sein. 
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Diese Extinktionswerte mtissen ferner der Natriumsalizjdatmenge direkt 
proportional sein. Wie aus Abb. 2 hervorgebt, sind diese Forderungen 
auch erfiilit, und zwar gilt dies unabhSngig davon, ob man nach der 
Methods fUr freie oder der fiir die Gesamtsalizylsaure verfahrt. 

Gegen diesen Kontrollversucb iSsst sich der Einwand erheben, es sei 
nicht versucht worden, bekannte Mengen einer gebundenen Form von 
Salizyisfiure, z. B. Salizylursaure, wiederzufinden. Die Vorscbriften fttr die 
Hydrolyse sind indessen so gewShlt worden, dass sie eine maximale 
Freimachung gebundener Salzsaure gewShrleisten, was, wie in Tab. 17 


NcUriumscUizfflat inmtj. 




/ 











0 0.5 1.0 1.5 2.0 E 

Abb. 2. Das Verlialtnis NatriumsalizylatkonzentrationlExtinktionswert. 

Kurve I: Bestimmung von Gesamtsalizylsaure. Kurve II; Freie Salizyl- 
sSure. 0 = Bestimmung in Wasserlbsung, x = in Ham. 


ersichtlicb, dadurch gezeigt wird, dass fortgesetztes Kochen keine hOheren 
Extinktionswerte mit sich bringt. 

Schliesslich dilrfte folgender Versuch zeigen, dass man mit der hier 
angewandten Methodik korrekte Ergebnisse auch bei der Bestimmimg 
von GesamtsalizylsSure erzielt; 

Tm Selbstversuch wurden taglich 500 mg Natriumsalizylat eiagenom- 
men. Nach einer Vorbereitung von 2 Tagen wurden taglich wahrend einer 
Zeit von 15 Tagen Bestimmungen der ausgeschiedenen Tagesmengen von 
Gesamtsalizylsaure gemacht. Der Mittelwert, als Natriumsalizylat be- 
rechnet, der taglichen Ausscheidung war 500,3 mg. 

(Der Versuch diirfte auch fiir Probleme im Zusammenhang mit der 
Pharmakologie der Salizylsaure von Interesse sein: Nach den Versuchen 
an dieser einzelnen Versuchsperson zu urteilen, wird Salizylsaure bei dw 
verabreichten verhaltnismiassig niedrigen Tagesgabe weder aufgespeic e 
noch verbrannt.) 
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9. Zuverlassigkeit der Methode. 

Um den mittleren Fehler der Einzelbestimmung herauszufinden. wurden 
10 Bestimmungen im gleichen Harn mit vollstandigem Analysengang 
gemacht. Bei der Bestimmung freier Salizylsaure wurden folgende Werte 
gefunden: 

0,418 0,410 0,412 0,413 0,409 0,418 0,409 0,414 0,409 0,417 

Der mittlere Fehler des Mediums belauft sich auf ± 0,ooii, die Dispersion 
auf ± 0,oo35. 

Die Extinktionswerte bei Bestimmung der Gesamtsalizylshure waren; 

0,208 0,208 0,203 0,203 O,200 0,208 0,198 0,204 0,201 0,197 

Der mittlere Fehler des Mediums betragt ± 0,ooi2, die Streuung ± 0,oo39. 

(Bei dem hier beschriebenen Verfahren benotigt man zur Bestimmung 
der freien Salizylsaure fur die Analyse von 20 Proben 2 — 3 Stunden, bei 
der Bestimmung der GesamtsalizylsSure, wenn man die fiir die Hydrolyse 
benStigte Zeit abzieht, 3 — 4 Stunden.) 


Ills Quantitative Bestimmung von Indol. 

A. Im Harn. 

Fiir Stoffe, die eine Indolgruppe enthalten, sind mehrere Farb- 
reaktionen vorhanden. Es lassen sick folgende Hauptgruppen 
unterscbeiden: 

1. Mit Natrium-)3-naplitoehinon-4-sulfonat. 

2. Mit dem Folinsohen »Phenolreagens» (Phosphormolybden- 
saure). 

3. Mit Salzsaure Oder Scbwefelsaure Oder einem Gemisch aus 
diesen nebst einem aliphatischen oder aromatischen Aldebyd. 

Diese Farbreaktionen sind zur Grundlage mebrerer Methoden 
zur quantitativen Bestimmung von Indol in den Fazes gemacbt 
worden (z. B. Bergeim 1917), dagegen, soweit icb sehen kann, 
nur fiir ein Verfabren zur Indolbestimmung im Harn, namlicb 
nacb Forbes und- Neale (1935). 

Die Methodik ist folgende: 100 ccm Harn werden mit WeinsSure ange- 
sauert und destilliert. Das Destillat wird alkalisiert und noch einmal 
destilliert. In diesem zweiten Destillat erhalt man mit KOH und Natrium- 
/J-naphtochinon-4-sulfonat eine rote Farbe mit eventuell anwesendem 
Indol. Der Farbstoff wird mit Chloroform ausgeschiittelt. Nach Verdthi- 
nung der Chloroformlosung mit alkalischem Alkohol entsteht eine grun- 
blaue Farbe, die kolorimetriert wird. 
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Wie die Autorea angeben, ist die Farbreaktion mit dem von 
ihnen verwendeten Reagens spezifiscb fiir Indol, und es lassen 
sich scbon Mengen von 5 y in 100 ccm Harn bestimmen. Das 
Verfabren ist aber sebr zeitraubend imd scbwierig und liefert, wie 
Forbes und Neale angeben, keine ganz quantitativen Resultate. 

Fur die Bestimmung von Indol im Earn, der ja normalerweise 
Pbenole entliiilt, diirfte das FoLiNsclie Reagens weniger geeignet 
sein. Natrium-^-naphtochinon-4-sulfonat ist gegenw^rtig leider 
nicht erbaltlich, wesbalb die Kombination Mineralsiiure-Aldebyd 
als Reagens gewitblt werden muss. 

Farbreaktionen mit diesen Stoffen sind zum Gegenstand einer 
eingebenden Entersucbung von Lteben und Popper (1926) ge- 
macbt worden, mit dem Ziele, deren Eignung fiir quantitative 
Bestimmungsmetboden zu erforschen. Die genannten Autoren 
stelleii'zusammenfassend fest: »Die verscbiedenen Farben, die 
durcb Zusammenbringen der angefubrten Verbindungen (be ter o- 
zykliscber Verbindungen) mit einer Reibe von Aldebyden und 
konzentrierter HjSO^ auftreten, richten sich nach ihrer qualita- 
tiven und quantitativen, im Kolorimeter feststellbaren Farb- 
stUrke, nach der beterozyklischenVerbindung, wenn derAldehyd 
im (molaren) Uberscbuss ist, nach dem Aldehyd, wenn dies fiir 
die beterozykliscbe Verbindung zutrifft.» Ferner weisen sie dar- 
auf bin, dass in naheliegenden Konzentrationen von Aldehyd 
und heterozykliscber Verbindung ein Stdrungsgebiet vorhanden 
ist, in welcbem die beiden mbglicben Reaktionen nebeneinander 
vor sich gehen. Enter den untersucbten Aldebyden gebort das 
Vanillin zu denen, die vom quantitativen Gesichtspunkt aus die 
besten Resultat-e lieferten. 

Brummer (1940) hat ein quantitatives Bestimmungsverfabren 
fiir einen anderen Stoff mit einer Indolgruppe ausgearbeitet, 
namlicb fiir das Tryptophan, und in .vorbereitenden Versucben 
hat er die Eignung verschiedener Aldebyd-Saure-Reaktionen 
untersucbt. Die besten Ergebnisse vnirden mit H2SO4 und Vanil- 
lin erzielt. Im Falle des TrjTptophans konnte die Empfindlich- 
keit durcb einen Zusatz kleiner Mengen Natriumsulfid bedeutend 
gesteigert werden. 

Zur Bestimmung von Indol im Earn ist jedoch die Reaktion 
mit Vanillin und konzentrierter Sehwefelsaure nicht ohne weite- 
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res brauchbar, da Ham mit Saure allein eine starke Farbe liefert, 
die der mit Indol sich ergebenden abnlich ist. 

Indol ist in Chloroform leichtlbslich, weshalb folgendes Prin- 
zip fiir eine quantitative Bestimmungsmethode brauchbar er- 
schien: der Earn wird in zwei Portionen geteilt, von denen die 
eine mit Chloroform geschiittelt wird, wahrend die andere un- 
behandelt bleibt. Dann werden beide Portionen mit Sohwefel- 
saure und Vanillin versetzt. Der auftretende Farbunterschied 
richtet sich nach der Indolkonzentration, denn da die eine Por- 
tion mit Chloroform geschiittelt warden ist, enthalt die eine 
Harnportion Indol und die andere nicht. 

Die Farbreaktion mit Vanillin und Schwefelsaure ist nicht 
spezifisch fiir Indol; wie schon erwahnt, vollzieht sich die gleiche 
Reaktion mit Tryptophan, ausserdem aber auch mit Pyrrol und 
Thiophen. Laut Untersuchungen von Vaughan (1936) diirfte der 
Harn normalerweise Tryptophan enthalten, doch in sehr gering- 
fiigigen Mengen. Tryptophan ist indessen in Chloroform unlos- 
lich, es vermag also eine Bestimmungsmethode nach dem obigen 
Prinzip nicht zu stbren, und Pyrrol und Thiophen diirften unter 
normalen Verbal tnissen nicht im Harn vorhanden sein. Es liegen 
keine Angaben vor, ob Indoxyl die gleiche Reaktion ergibt, und 
da Indoxyl in Chloroform leichtlbslich ist, wird diese Frage bei 
der experimentellen Priifung der Methode untersucht. 


Torlauflge Methodik. 

5 ccm Ham werden in einera Reagenzglas mit 5 com dest. Wasser ver- 
setzt. 0,5 ccm des Gemischs werden in einem Reagenzglas abgestellt 
(Portion I). Der Rest wird dreimal in der Schuttelmaschine mit Chloro- 
form geschiittelt. Von dem ausgeschiittelten Harn wird 0,5 ccm in ein 
Reagenzglas gehracht (Portion II). 

Beide Harnportionen werden mit je 0,i ccm einer 0,15 % Vanillinlosung 
und 4 ccm 60 % Schwefelsaure versetzt. Anschliessend Kolorimetrieren 
in den 1 cm-Kuvetten und mit Filter S50 im ZEissschen PuLPHRiCH-Photo- 
meter. Bei Zusatz wechselnder Indolmengen zu verschiedenen Hamen 
wurde, wie aus Abb. 3 ersichtlich, gute Cbereinstimmung zwischen 
Extinktionswert und Indolkonzentration gefunden. Die Konstnnte fiir 
dieses Verhaltnis ist indessen, wie aus der Abbildung hervorgeht, fur 
verschiedene Harne verschieden. 
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Abb. Dns VcrhGUnis hirloUconzcrifratiovfExIitikfiousweri. 

Ik’kanntt* liuJolrnenirifn Find 7.n vcr-sdiiedencn Mcorsclnvcinchcuurinen 
(I — IV) und McnFchcnhnrn (V) goFot?,! wordeii. 


Niicli Bhu.mmeii (3040) wird die Reaktion Tryploph<aii-Yanillin- 
.Sclnvefclslliirc durch Nitrate iind Nitrite aiicli in sehr kleinen 
Konzentrationeii gestort. Da Harn diese beiden Gruppeu von 
Verbindiingen enthillt, liegt die Annahine nalie, dass auch die 
Reaktion mit Tndol von diesen Stoffen gestort wird nnd dass 
die fiir verschiedenc Ilarne \vecb.sclnden Konstanten fiir das 
Verliiiltnis 7 .wi.schcn Extinktion und Indolkonzentration gerade 
durch den wechselnden Nitrat- und Nitritgehalt der Harne be- 
dingt .sind. 
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TABELLE 19. 

Eimtnrkung von Kalhmnitrat und Nairiumnitrit auf die Extinhtions- 
werte bei Bestimmung von IndoL 

Die Bestimmungen wurden mit den Portionon I und II ausgefllhrt 
(si'eho das Arbeitsschema), und bcide wurden mit 0,r> cem cincr Kalium- 
nitral- oder Natriumnitritltisung von wecliselndor Konzentration versetzt. 
Die Bestimmungen wurden in reinen Indolldsungen gemacht. 


Konzentration dcr 
LOsung in 

2 

a 

0,1 

0,05 

0,01 

0,001 

O,000l 

Kaliumnitrat E 

Natriuranitrit E 

Kein Zusatz E 

O 

o o 

0,02 

0 

0,01 

0 

0,03 

0 

0,59 

0,0. 

0,03 

0,4C 


Wie Tabelle 19 zeigt, wird die Reiiktion zwischen Indol imd 
Vanillin-Schwefelsilure auch durch so niedrige Nitrat- imd Nitrit- 
konzeutrationen gehemmt, wie sie im Harn vorkomraen durften. 
Eine Beseitigiing der Nitrate imd Nitrite aiis dem Harn diirfte 
sich kaum durchfiihren lassen. Bei einer Untersuchung dcr Ver- 
hilltnisso bei anderen Aldehyd-SUure-Reaktionen zeigte cs sich, 
dass auch diese gegen Zusatze von Nitraten und Nitriten 
empfindlich waren. Die einzige Mogliclikeit, die Aldehyd-Siiure- 
Reaktion fiir Indol im Harn quantitativ anzuwenden, scheint 
dann die zu «ein, mit jeder einzelnen Bestimmung auch eine 
Kalibrienmg zu verbinden. Da fiir das Verfahren das BEEiische 
Gesetz gilt (Abb. 3), kann sich die Kalibrierung darauf beschriin- 
ken, den Extinktionswert fiir eine bekannte Menge Indol in 
jedem untersuchten Harn festzustellen (siehe unten). 


Endgriltige Methodik. 

5 com Harn werden in einem Rcagenzglas mit .uccm dost, Wasser ver- 
setzt In zwei Ecagenzg]il.sor werden je 0,5 com dieses auf das doppelte 
Volumen verdlinntcn Hams gel)racht (Portion I und II) und stehenge- 
lassen. Der Rest ward mit Chloroform dreimal in dor Schiittelmaschine 
geschuttelt — jedesmal ctwa 5 Min. (Nach jedem Schiittein ontfernt man 
das Chloroform am einfachston in der Weise, dass man es mit Hilfe 
einer langon, zu einer Spitzo ausgezogenen GlasrOhre absaugt, die fiber 
cine Sammelflasche an eine Wassorstrahipumpe angeschlossen ist.) Von 
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dem ausgeschiittelten Earn wird dann 0,5 ccm in ein Eeagenzglas o-ebracht 
(Portion HI). ° 

Portion I wird mit 0,5 ccm dest. Wasser versetzt. 

Portion H wird mit 0,5 ccm cincr Indoisfandardlosnng versetzt (siehe 
iinten). 

Portion III wird mit 0,5 ccm dest., Wasser versetzt. 

Samtliche Portionen werden dann mit je 0,i ccm 0,I5 % Vanillinliisung 
und 4 ccm GO % Schwefelsaure versetzt. 

Die Indolstandardlosung wird wie folgt hergestellt; 50 mg Indol wer- 
den in 100 ccm Wasser geliist (= Stammlosung). Diese LOsung halt sich 
wonigstens 14 Tage. Die Indolstandardlosung fiir Meerschweinchenharn 
wird ans 1 ccm Stammlosung bereitet, die mit dest. Wasser auf 20 ccm 
aufgefiillt wird, die fiir Menschenharn aus 0,5 ccm Stammlosung, die auf 
20 ccm verdiinnt wird. 

Dann wird mit dem Filter S50 und in den 1 cm-Kuvetten des Zeiss- 
schen PuLPiuucn-Pliotometcrs teils I gegen III (A), teils II gegen HI (B) 
kolorimetriert. In A ist die Extinktion proportional zum Eigengehalt des 
Hams an Indol, in B zum Eigengehalt des Hams zuziiglich der bekannten 
zugesetzten Indolmengo. Zieht man den in A gefundenen Extinktionswert 
von dem in B gefundenen ab, so erhiilt man die dor bekannten Indol- 
menge cntsprechende Extinktion und findet so die fiir den fraglichen Earn 
geltende Konstanto fiir das Verhiiltnis Extinktion— Indolkonzentration, 
so dass man nun aucli den Eigengehalt des Hams an Indol bcrechnen kann. 


Beispicl fiir die Berccliiiung. 

Meerschweinchenharn. Tagesmenge: 25 ccm. Ablesung A: 0,09. B; 0,29. 
B— A==0,ro, was also der Ablesungswert der zugesetzten Indolmenge 
(0,0125 mg) ist. Ein Extinktionswert von l,o entspricht dann 0,OG25 mg 
Indol, die Tagesmenge Indol ist also in dem hier vorliegenden Beispiel: 
2 X 25 X 0,09 X 0,0C23 — 0,28 mg. 


Empfindliclikelt der Metliode. 

Die Methode ist in der vorliegenden Arbeit zur Bestimmung der Indol- 
ausscheidung im Meerschweinchenharn nach Einverleibung von Indol zur 
Anwendung gebracht ivorden, und die untere Grenze waren bei der ange- 
gebenen Methodik Tagesmengen von etwa O.os mg Indol, was voUauf 
geniigen dilrfte, um festzustellen, ob bei Indolbelastungsversuchen eine 
Ausscheidung freien Indols stattfindet (tiigliche Dosen von 10— -20 mg). 
Forbes und Neale (1935) geben an, dass sich die unter verschiedenen 
pathologischen Verhiiltnissen ausgeschiedenen Indolmengen beim en- 
schen nur auf 1—2 mg pro Tag belaufen. In vorliiufigen Versuchen mit 
Menschenharn hat es sich gezeigt, dass man, wenn man nur 3 cm- live en 
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statt 1 cm-Ktlvetton vcrwcndct, Indolmcngen von bloss 1 pro com 
bcstimmon kann, was eincr Tagesmongc von otwa 1,5 mg entspricht. 
Nocli nicht abgeschlosscnc Vorgucbc lasscn mit Bcstimmthcit vermutcn, 
dasxs man durch Vcrllndcrungcn der Aiisgangsmengc Ham sowie dcr 
Scliwofolsiiurekonzcntration auch Bcstimmungen in Ilarnen mit noch 
nicdrigercn Indolkonzentrationcn ausfilhrcn kann. 

Die Methodc muss sicli also filr Bcstimmungen in Ilarnen mit dem- 
selben Indolgelialt wie den von FoniiKs und Nealk untersuebten verwen- 
den lassen. Dank ihrer grJisscren Genauigkeit und vor allcm ihrer Ein- 
facbheit, die Reihenbestimmungen in grossem Massstab ermoglicht, dilrfte 
sie sicli auch fiir klinisebe Untersuchungen gut eignen kOnnen, 


Expcriiiiftnlcllos. 

1. Die Einwirkung von Sclivankungcn in dcr Komentration dcrSchwc- 
fcluditrc- und VanilUnWsungcn. 

Wie aus Tab. 20 und 21 hervorgeht, spiclcn kloincro VerUndcrungen 
in der Konzentration dcr Scliwefcls.'iuje- und dcr VanilHnlbsungcn keine 
Rollc filr die Extinktionswerto. Bei steigender ScbwcfelsUurckonzentra- 
tion tritt jcdoch in beiden llarnportioncn sclion bei Go % SchwefolsJiure 
cine Starke Vcrdunkclung auf. Dtese Vcrdunkolung war bei To % Siiurc 
so stark, dass koine Ablesung moglicb war, weshalb die rclativ niedrige 
SchwefelsJiurckonzentration von GO % gewlihlt wurde. trotzdem die Farb- 
reaktion bei liiihcron Konzentrationen stkrkcr isf. 

2. Die Extraktion. 

Wie aiis Tab. 22 hervorgeht, ist die Extraktion des Indols schon nach 
zweimaligem Schiitteln mit Chloroform vollsUlndig, und das dreinialigc 
Ausschiittcln, wie cs in der Methodik vorgeschricben wird, dilrfte also 
die GcwJlhr bieten, dass die Extraktion des Indols vollstiindig ist. 

3. Die UaUbarkeit dcr Kolorimctriejarbc. 

Wie aus Tabelle 23 hervorgeht ist die Kolorimetriefarbe noch nach 
24 Stunden unveriindert. 

4. Start die Antccscnhcii von Tryptophan und Indoxyl im Horn die 
Indolbestimmung? 

Die Tabellen 24 und 25 zeigen, dass seibst bei einem Vielfaclien dcr 
untcr normalen Verhiiltnissen im Ilarn vorkommenden Tryptophan- und 
Indoxylkonzentration keine Steigerung dcr Indolwerte eintritt. (Eine 
geringfOgige Steigerung des Extinktionswertes zeigt sich erst bei einem 
75 mg% entsprechenden Tryptophanzusatz, und noch bei zchnfacher Er- 
hohung der Indoxylausscheidung werdon dieselben Indolwerte gofunden.) 
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TABELLE 20. 

Einwirkiwg von Andcnmgcn dcr Sclnccfclsaurckonzcniration bei 
Bcsfimminig von Indol. 

Besfimmung in gowohntor Weiso. 

Bei den Bestimnningen im IJarn trat in bcidcn Portionen mit zuneh- 
mender ScIm-efolpJiurekonzentration cine starkc Verdunkelung aiif, die 
schon bei 6.5 % Schwefelpiiure da.s Ablcscn crscbwerte iind es bei 75 % 
S.Hnre xinmOglich machto. 


.ScJnvcfels.'ture- 
konr.. in K 

50 

GO 

05 

70 

75 

Indoll<>.>''unp I'l 

n 


0,co 

0.5S 

0,58 

Hnrn E 


0,1:5 

O.ec 

0,;!5 



TABELLE 21. 

Eimrirkung ron Andvrungvti drr Vafnllhikonzcnfration nuf die Extink- 
tiouforerte bei Bestimmung von Indol. 


Bestimmung in gen-ohnlcr Weipc. (208 mg pro 100 cem benutzte Brum- 
iner (1040) bei seiner Tryptophanbe.stimmnng.smcthode.) 


Vanillin me i>ro 
100 cern 

208 

145, f. 

62,4 

20,8 

10,4 

lndo1l0.<5ung K 

0,74 

0,74 

n 

0,57 

0,r>5 

Harn K 

0,2? 

0,30 

B 

0,285 

0,25 


TABEXLE 22. 

Die Extrahtion niif Chloroform. 


Anzahl d. Extraktionen 

2 

3 

4 

5 

WUssrige IndollOsung E 

0,G1 

■■ 

0,61 

0,f.8 

Menschenbarn E 

0,5G 


0,56 


Meerschweinclienharn E 

0,S9 


0,41 
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TABELLE 23. 

Tile Haltbarkeit der Kolorimetricfarbc. 


Ablesung nnch 

10 Min. 

40 Min. 

18,6 Stdn. 

24 Stdn. 

Harn I E 

0,40 

0,41 

0,415 

0,41 

Hnrn II E 

0.92 

0,92f) 

0,925 

0,92 


TABELLE 2L 

Die Eviwirkung dues T-usatzcs von Tryptophan auf die Besiimmnng 

von Indol. 


Indolgohalt dcs Ilarne 0,ce mg pro V: ccm. 


Zugesetztes Tryptophan in mg 
pro Vs cmni Ilarn 

0 

0,125 

0,.TO 

0,625 

E 

0,41 

0,41 

0,44 

0,48 


TABELLE 25. 

Die Einwirkitng dcs hidoxylgchaltcs im IJarn auf die Indolbcstimmung. 

4 Mecrschweinchcn bekamen tiiglich wechselnde Mcngen Indol einge- 
spritzt. Dcr Harn wurdc in Perioden von 24 Stdn. gcsammclt. Die Werte 
dor Indoxyl- und Indolaussclieidung sind die Mittolwerte der Bestimmung 
an siinitlichcn Tieren. 


Versuchsporiode 

1 

o 

B 

4 

5 

Indolzufuhr ing/Tag 
Indoxylausschoidung mg/Tag 
Indolaussclieidung » 

0 

1,70 

0,11 

B 

IBi 

20 

15,0 

0,09 

20 

12,0 

0,19 

20- 

14,3 

0,11 


5. Die 7.nverlUssigkeit der Methodik. 

Da fiir jede Bestimmung eine Kalibricrung notwendig ist und das 
Ergebnis somit von zwei Ablesungen abbiingt, sind die Fehler bei diesem 
Verfaliren grosser als z. B. bei dcr obcngeschilderten Salizylsliurebestim- 
mungsmethode. 

Bei 10 Bestimmungen ini sclben ITarn wurden die Ergebnissc in y pro 
Vi ccm Harn (die Menge, in der die Bestimmung gemacht wird) vie 
tolgt gefunden: 11,4 10,9 10,2 10,9 10,5 11,7 ll,o 9,8 10,7 9,6. 

Der mittlere Fehler dcs Mediums betriigt ± 0,23, die Streuung ± 0,72. 
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B. Bestimmnng you Indol (und Tryptoplian) in gefarbten Losnngen 

aus Yersnchen in vitro. 

Die Extraktion mit Chloroform bei dem vorstehend geschilder- 
ten Indolbestimmungsverfahren soli verliindem, dass etwa aa- 
wesendes Tryptophan zu hohe Werte varanlassen kSnnte, Bei 
Untersuchungen iiber die Umwandlung von Indol durch Askor- 
binsaure in vitro kann man diese Fehlerquelle ausser Acht lassen- 
Die Losungen sind indessen so stark gefarbt, dass die iiblichen 
Bestimmungsmethoden unbrauchbar sind. Ich habe daher ein 
einfaches Verfahren nach folgendem Prinzip entvdckelt: Die 
Probe wird in zwei Portionen geteUt, von denen die eine mit 
Yanillinlosung, die andere mit einer gleieh grossen Menge dest. 
Wassers versetzt wird. Anschliessend werden beide Portionen 
mit derselben Menge Schwefelsaure versetzt. In beiden Por- 
tionen wird die Eigenfarbe der Losung gleichermassen durch 
die Schwefelskure beeinflusst, doch nur in der einen tritt die 
Farbreaktion Indol-Vanillin-Schwefelskure ein. Der Farbunter- 
schied ist also dem Indolgehalt proportional. 

Hohe Askorbinsslurekonzentrationen beeinflussen die Farb- 
reaktion, und im allgemeinen empfiehlt es sich, auch bei dieser 
Art der Bestimmung gleichzeitig fiii' jede untersuchte Probe- 
losung eine Kalibrierung vorzunehmen. 


Metliodik. 

In drei Reagenzgljlschen werden folgende Losungen gemischt: 

l. V 2 com Probelosung + V 2 ccm Yanillinlosung (0,i5 %) + V 2 ccm 
Aq. dest. -1- 4 ccm 60 % SchwefelsHure. 

n. */2 ccm Probeldsung -f* */2 ccm Yanillinlosung + ccm Indol- 
standardlosung (siebe S. 69) + 4 ccm Schwefelsaure. 

m. 1/2 ccm Probelosung + 1 ccm Aq. dest. + 4 ccm Schwefelsaure. 
Kolorimetrie und Berechnung wie auf S. 69. (Die Bezifferung oben 

entspricht 'den Portionen I — ^III S. 69.) 

Die experimentelie Grundlage' dieses Yerfahrens ist die gleiche wie bei 
dem vorigen, und es soli hier nur die gute tibereinstimmung 
Extinktionswerten und Indolkonzentration aufgezeigt werden ( 
und 5). 
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Abb. 4. Bas Verhaltnis Indolkon- Abb. 5. Bas Verhalinis Indolkon- 
zentrationlExtinktionswert. zentrationlExfinkfionswert. 

(Wasserlbsung.) (Losung aus In-vitro-Versuch.) 


Mittels desselben Verfahrens ISsst sich auch Tryptophan bestimmen. 
Man muss dann jedoch die Indolstandardlosung gegen eine Trj-ptophan- 
standardlbsung von gleicher Starke austauscben und das Filter S53 statt 
S50 benutzen. 


IV. Die quantitative Bestimmung von Indoxyl im Ham ist 

nach Gronwall (1938) ausgefuhrt ivorden. 

V. Quantitative Bestimmung von Askorbinsanre im Ham. 

Das Problem der quantitativen Bestimmung von Askorbin- 
saure im Earn ist regem Interesse begegnet. das umfangreicbe 
Schrifttum woUe man in den bereits vorliegenden Zusammen- 
stellungen, beispielsweise bei Bessey (1938), Lakke (1938) und in 
der Annual Review of Biochemistry nachscblagen. 

Von den zahlreichen vorgeschlagenen Methoden diirften die- 
jenigen, die sick auf die Verwendung von Dicblorphenolindophe- 
nol als Reagens (TiLLUANs’scbes Reagens) griinden, vegen ihrer 
Einfachheit und schnellen Ausfubrung die iibrigen verdrilngt 


ZYKLISCHE. VERBINDUNGEN UNO VITAMIN C 


75 


haben. Mit dem TiLLMANs’sohen Reagens reagieren indessen auch 
mehrere andere rediizierende Verbindungen, und dies maclit sich 
vor allem dann bemerkbar, wenn das Untersucliungsmaterial mit 
Schwefehvasserstoff oder eineni anderen Reduktionsmittel be- 
handelt Avorden ist, in der Absicht, auch die Dehydroaskorbin- 
-saure zu bestimmen. 

Verbindungen, welche die Askorbinsilurebestimmung storen, 
sind u. a. Glutathion nnd Cystein. Hire Einwirkung liisst sich 
indessen dadurch beseitigen, dass man in saurem Milieu titriert 
(Bmcii, Harris und Ray 1033). Verwendet man Metaphosphor- 
■saure, so erzielt man damit gleichzeitig einen Oxydationsschutz 
fiir die Askorbinsilure, der dera dutch andere Siiuren bewirkten 
iiberlegen ist (Fujita und Iwatake 1935). Ein anderer Weg isl 
von Emmerie und van Eekelek (1934) angegeben worden, welche 
die Probcldsung mit, Merkuriazetat behandeln und dann mittels 
Schvefelwasserstoff sowohl den Hberschuss an Merkuriazetat 
beseitigen als die Dehydroaskorbinsilure in Askorbinsiiure iiber- 
fUhren. Auch Thiosulfat kann auf diese Weise unschiidlich ge- 
macht Vrerden. 

Tauber und ICi.einer (1935) haben eine Modifikation der 
Titrierung mit dem TiLLMANs’schen Reagens angegeben, die gute 
Moglichkeiten bieten diirfte, korrekte Resultate zu erzielen. Sie 
titrieren mit dem TiLLMANS-Reagens teils in einer unbehandelten 
Probelosung, teils in einer Probeliisung, in der die Askorbin- 
siiure dutch EinAvirkung eines angeblich spezifisch askorbin- 
saurezerstorenden Enzyms (Askorbinsilureoxydase, Askorbinase) 
zerstbrt worden ist. 

Mittels einer solchen Methodik konnten Scarborough und 
Stewart (1937) zeigen, dass auch nach Ausfiillung mit Merkuri- 
azetat und Ansiiuerung noch andere rediizierende Substanzen 
als Askorbinsiiure (oder Glutathion, Cystein und Thiosulfat) im 
Earn vorhanden sind. 

Dasselbe wurde mit einem anderen Verfahren von Evelyn, 
Malloy und Rosen (1938) gezeigt. Mit Hilfe eines photo- 
elektrischen Kolorimeters konnte die Entfiirbung des Tillmans- 
Reagens nach dem Zusatz der Probelosung in sehr kleinen Zeit- 
abstanden verfolgt werden. Es zeigte sich dabei, dass die Askor- 
binsiiure das TiLLMANS-Reagens augenblicklich entfarbt, wahrend 
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andere Verbindungen, die das Reagens reduzieren kSnnen, be- 
deutend langsamer wirken. Es ergab sich, dass Harn auch nach 
Failung mit Merkuriazetat noch Verbindungen enthiUt, die das 
TiLLMANS-Reagens reduzieren, die aber nicht Askorbinsilure sein 
kdnnen. 

Diese anderen reduzierendcn Verbindungen liaben starkes In- 
teressb gefunden, sind aber nach wie vor unbekannt. Widek- 
BAUEE (1936) gibt an, Harnfarbstoffe kOnnten stdrend einwirken, 
und auch and ere Verbindungen sind vorgescldagen worden, z. B. 
Homogentisinsiuire und Polyphenole (Borsook et al. 1937). 

Am einfaclisten durfte man die Fehlerquellen, die diese Stoffe 
bei Askorbinsilurebestimmungen in mit Sclnvcfehvasserstoff be- 
handeltem Harn ausmachen, dadurch vermeiden konnen, dass 
man ein spezifisch askorbinsilurezerstbrendes Enzym verwendef. 
Doch besteht Grund zu vermuten, dass das bisher angewandte 
Enzym nicht spezifisch war. 

So erhielten Lunde und Lie (1938) bei ciner Untersuchung 
iiber den Askorbinsiluregehalt von Algen nach cinem Verfahren 
mit Askorbinsiiureoxydase Werte, die sie im Tien’crsuch nicht 
bestiitigen konnten. 

Zu ahnlichen Ergebnissen kamen Diemair, Fresenius und 
Arnold (1942) bei Untersuchungen von Dorrgemuse, das im 
Zusammenhang mit dem DOrren crvviirmt worden war. 

Spater hat ROnnerstrand (1943) zeigen konnen, dass das 
Fucosan in Braunalgen durch Gurkensaft oxydiert werden kann. 
Diese Oxydation vollzieht sich jedoch bedeutend langsamer als 
die Askorbinsaureoxydation. 

Die Behandlung mit Schwefelwasserstoff .in der Absicht, auch 
die Dehydroaskorbinsliure bestimmen zu konnen, wurde schon 
von Tillmans, Hirscu und Dick (1932) in die urspriingliche Be- 
stimmungsmethodik eingefiihrt und findet seitdem allgemeine 
Verwendung in der experimentellen Arbeit, klinische Askorbin- 
saurebelastungsversuche ansgenomipen. 

JoHNSsoN imd Zilva (1934) zeigten indessen, dass in grossen 
Mengen zugefiihrte Dehydroaskorbinsliure in Form von Askor- 
binskure ausgeschieden wird, wiihrend sich keine Dehydroaskor- 
binsaure nachweisen litsst. Der Versuch wurde vnn Borsook 
et al. (1937) mit demselben Ergebriis wiederholt. Bei alien diesen 



ZYKLISCHE VERBINDUNGEN UND VITAMIN C 77 

Untersuchungeii wurde der Harn in Mntapliospliorsaure gesam- 
melt, und es liegt die Annahme nahe, dass wenn Dehydroaskor- 
binsiture im Earn auftritt, dies eine Folge einer wahrend des 
Sammelns erfolgten Oxydation ist, Wabrend dagegen ein ver- 
starktes Reduktionsvermbgen nach Behandlung mit Scbwefel- 
vasserstoff in Earn, der in Metaphosphorsaure gesammelt wor- 
den ist, niclit durcli Askorbinsaure bedingt ist. 

Die allgemein im Scbrifttiim vertretene Meinung scbeint zu 
sein, dass man bei direktem Titrieren mit dem TiLLMANs-Reagens 
in einem angesauerten Earn Werte erhalt, die zu praktischen 
Zwecken als fur Askorbinsaure spezifisch angesehen Tverden 
kbnnen. Bebandelt man dagegen Earn mit Scbwefelwasserstoff, 
so nimmt die Menge reduzierender Verbindungen zu, und auf 
Grund von Untersucbungen mit einem askorbinsaurezerstoren- 
den Enzjnn fiibrt man diese Steigerung wenigstens zum grosse- 
ren Teil auf andere Verbindungen als Askorbinsaure zuriick. 
Im allgemeincn dilrfte man jedoch der Ansiobt sein, festgesteUt 
zu haben, dass der Earn auch kleine Mengen Dehydroaskorbin- 
saure enthalt. Die Spezifitilt des Enzyms scbeint nicht mit Riick- 
sicbt auf die Verwendung bei Earnuntersucbungen gepruft wor- 
den zu sein. 

Die Untersucbungen von Joek.sson und Zilwa sowie Bobsook 
et al. lassen entschieden vermuten, dass keine Ausscheidung 
von Debydroaskorbinsaure stattfindet. Direktes Titrieren mit 
dem TiLLMANS-Reagens in angesiluertem Earn ist so unvergleich- 
licb viel'einfacher als ein Verfahren, dass sowohl Behandlung mit 
Schwefelwasserstoff als die Verwendung eines askorbinsaure- 
zerstOrenden Enzyms einschliesst, dass es praktisch von grossem 
Interesse ware zu untersuchen, ob man Rucksicht auf eine et- 
waige Ausscheidung von Debydroaskorbinsaure im Earn neh- 
men muss. 

Der natiirliche Gang einer solchen Untersuchung ware dann 
wohl folgender: 

1. zu untersucben, ob man den Earn sammeln kann, ohne dass 

wahrend des Sammelns Askorbinsaure zu Dehydroaskorbinsaure 
oxydiert wird, . 

2. festzustellen, ob die Askorbinase bei Verwendung im Earn 
spezifisch askorbinsaurezerstorend wirkt. 
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3. mit Hilfe dieses kontrollierten Enzyms zu untersuchen, ob 
Dehydroaskorbinsimre ausgeschieden wird oder ob die Verstar- 
kimg der reduzierenden Eigenschaften des Hams nach Behand- 
lung mit Schwefelwasserstoff irgcndeincr anderen Vcrbindung 
zuzuscbreiben ist, sowie 

4. zu untersuchen, um welche Yerbindung es sich dabei ge- 
gebenenfalls handelt. 


Expcrimcntellcs. 

Die Askorbinsilurebestimmung mit oder ohnc vorherige Be- 
handlung mit Schwefelwasserstoff wurdc mittels folgender Me- 
thoden vorgenommen: 

1. Titration mit dem TmuMAUs-Rcagens in einev mit Metaphos- 
phorsiture angesiluerten Losung: Bcstimmung nach Tilul\ks. 

2. Wie 1., doch mit Verwendung cines askorbinsilurezerstd- 
renden Enzyms nach Tauber und Klbiker (1935): Bcstimmung 
nach Tauber. Als Enzymraaterial wiirde ausgepresster Gurken- 
saft (Cucumis flexuosus) vcrwendet. 

Am einfachsten liiset sich dicscr aufbewahrcn, wenn man ihn zu WGr- 
feln gofrieren liisst. Noch nach 7 Monatcn licfern dicse beim Auftauen 
einwandfreies Enzymmaterial. Venvahrt man den Gurkcnsaft dagogen 
in flUssigem Zustand in einem Glasgefiiss, so tritt sehr bald (nach einem 
Tage) ein thcrmostabiler askorbinsflurezerstUrondcr Faktor auf, fiber 
dessen Spezifitiit sich sclbstvcrsUindlich nichts aussagcn liisst. 

3. Kolorimetrische Bcstimmung nach Fujita und Ebibara 
(1937) mit Phospho-18-wolframsaure als Reagens: Bcstimmung 
nach Fujita. 

Bei Behandlung mit Schwefelwasserstoff Hess ich diesen die 
Probelosung, welche mit ^Metaphosphorsiiure versetzt worden 
war, so dass die Konzentration etwa 10 % betrug, 1 Stunde 
lang durchstromen, worauf die Ldsung unter Verschluss bis zum 
folgenden Tage stehengelassen wurde. Der Schwefelwasserstoff 
wurde durch Hindurchleiten von Stickstoff wiihrend 2 V: Stun- 
den entfernt. Schon nach 1 Stunden wurden konstante Titra- 
tionswerte erhalten, und selbst nach ostiindigem Hindurchleiten 
des Stickstoffs waren keine weiteren Veriinderungen mehr zu 
beobachten. 
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Der Stickstoffstrom muss ziemlich krSftig sein, um den Schwefel- 
wasserstoff schnell beseitigen zu kOnnen, und in gewissen Harnen sowie 
vor allem in pflanzlichem Material kommt es oft zu einer iSstio-en 
Schaumbildung, die grosse Verluste an Probeldsung verursachen kann. 
Mittels eines »Schaumfangers», desscn Ausseben aus Abb. 6 hervorgeht 
lasst sich dicsem tlbelstand abbelfen. Der »Schaumfangeri- braucht nicht 
genau in die Reagensglasmtindung zu passen und besteht am einfachsten 
aus einem umgekchrten Erlenmeyerkolben mit einer Offnung im Boden. 



1. Das Sammeln des nar7}s. 

Sowobl bei klinischen Untersuchungen als bei Tierversuchen verf/ihrt 
man in bezug auf Sammeln und Aufbewabren des Hams oft so, dass man 
ihn mit einer Toluolschiclit iiberdeckt, um dem Luftzutritt und Bakterien- 
■wachstum vorzubeugen. Im allgemeinen hat man dieses Verfahren mit 
Schwefelwasserstoffbehandlung des Hams verbunden, um teils etwaige 
durch Oxydation beim Sammeln entstandene Verluste zu kompensiereri 
und teils die Bestimmung eventuell ausgeschiedener Dehydroas 'or in 
silure zu ermOglichen. 

Wie aus Tabelle 26 her\-orgeht, vollzieht sich aber in Earn, demur 
durch Toluol geschfitzt ist, sehr bald eine fast vollstandige Oxy a ion, 

die grcisstenteils irreversibel ist. , , 

Versetzt man dagegen den Harn mit Metaphosphorsaure un o , 
so ist der AskorbinsUuregehalt noch nach 24 Stunden unveran e 
(Tabelle 27). 
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TABELLE 2G. 

Der Earn muss in MeiaphosphorsQure gesammclt werden, damii Jcdne 
irreversible Oxydation der Askorbinsdure stattjind-et. 

5 Mecrschweinchen bekamen tJiglich 100 mg Askorbinsilure eingespritzt. 
Askorbinsllurebcstimmungen nach Tillmans. Metaphosphorsiiurezusatz 
10 cem 20 % LOsung. Toluolzusatz ctwa 15 ccm. 


Tier Fir. 

1 

2 

3 

4 

5 

Versuchstag 

IColben mit; 

C-Vitnminnu88cbeidung in mg/Tag. 
Untcrstrichcno 'Werto; Bestim- 
mung nach HjS-Bebandlung 

1 

Metnphosphorsilure -f- 
Toluol 

27,5 

28,4 

30,5 

43,8 

33,4 

2 

Toluol 

O n 

s>,5 

11,4 

]1A 

5,5 

15,8 

13.7 

3 

Metaphospborsilure -}- 
Toluol 

47,5 

22,5 

36,3 

31 fi 

42,4 


TABELLE 21. 

Earn, der im Laufe von 24 Siunden in Kolbcn gcsammelt trorden isf, 
die 15 ccm 20 % Mefaphosphorsuurc und 15 ccm Toluol cnfltalfen, zeigt 
nach iveiteren 24 Siunden praktisch unveriinderte AskorbinsSurewerte. 


Meerschweinchen Nr. 

n 

9 

D 

4 

5 

G 

7 

S 

D 

10 

cc Tillmans 

0,85 

0,85 


0,50 

0,20 

0,85 

1,0 

0,40 

0,50 

0,50 

Nach 4 Stdn 

0,85 

0,85 


0,45 

0,20 

0,80 

1,0 

0,35 

0^ 

0,50 

Nach 24 Stdn 

0,85 

0,85 



0,20 

0,75 

0,90 

0,85 

0,50 

0,50 


2. Die Spezifitat der Askorbinase bci Bestimmung von Askorbinsdure 
im Earn nach Tauber. 

Man diirfte annehmen konnen, dass der Harn skorbutiseber Meer- 
schweinchen keine Askorbinsilure, im tibrigen aber die Bestandteile des 
normalen Harns enthiilt Ist das verwendete Enzymmaterial spezifisch 
auf ZerstOning der Askorbinsilure angestellt, so muss man bei Bestim- 
mungen in skorbutisebem Harn nach Tauber eine Askorbinsilureaus- 
scheidung gleich null auch nach Behandlung mit Schwofelwasserstoff 
finden. Wie aus Tabelle 28 ersichtlich, x\'ar dies auch der Fall. Ausscr- 
dem wurden Bestimmungen nach Tillmaks und nach Fujita in denselben 
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TABELLE 28. 

Vergldchendc Bestimmungcn der Ausscheidung reduzierender Verbin- 
ditngen .im Horn tnitfels der Methoden von Fujita, Tillmans und Tauber, 
in sdmtlichen Fallen nuch Behandlung des Earns mit Schwefelwasserstoff. 

Der Versuch umfasst 5 Meerschweinchen, die Menge der reduzierenden 
Vetbindungen ist in mg Askorbinsliure pro Tag und Tier ausgedrUckt 
(Mittelwerte fiir siimtliclie Tiere). 


Tage nach Beginn des 
Skorbutversuchs 


3 

G 

9 

12 

18 

24 

27 

Vitamin-C-Zutuhr 

tiber- 

schuss 

0.. 

■ 

■ 

m 

■ 

■ 

.0 




B 





Vitaniin-C-Ausscheidung 

Askorbinsaurebestiinniung 

nach: 






1 




Fujita nig/Tag 

9 

2,8 

2,4 

2,1 

2,2 





Tillmans > 

‘>7 

7,3 

3.4 

3,3 

3,4 


4,0 

2,6 

4,8 

Tauber > 


0,2 

0,2 

0,2 

0 

0 

0 

0 

0 


Hamen und ebenfalls nach vorheriger Behandlung mit Schwefelwasser- 
stoff gemacht Diese beiden Jfethoden lieferten indessen Ergebnisse, die 
besagen wiirden, dass mit fortschreitendem Skorbut eine fortgesetzte 
Oder gar ansteigende Askorbinsilureausscheidung stattfinden wttrde. 


3. TFfrd Debydroaskorbinsiiure im Earn ausgesckieden? 

Um festzustellen, ob mit dem Ham Dehydroaskorbinsiiure ausgeschie- 
den wird, wurde folgender Versuch gemacht: 

Meerschweinchen bekamen wechselnde Mengen AskorbinsJiure einge- 
spritzt. Der Harn der Tiere wurde 24 Stunden lang in Kolben gesammelt, 
die 15 ccm 20 % Metaphosphorsllure und eine etwa cm-dicke Toluol- 
schicht enthielten. Unter diesen VerhSiltnissen tritt keine Oxydation 
ausgeschiedener AskorbinsUure ein (siehe Tabelle 27). Die Askorbinsaure 
wurdp nach Tiluians und nach Tauber mit und ohne Schwefelwasser- 
stoffbehandlunc bestimmt. 

Dabei ergab sich, wie aus Tabelle 29 hervorgeht, dass man, wenn die 
Bestimmung in 1 ccm Harn gemacht wird (der also etwa zu g eic en 
Teilen aus Meerschweinchenharn und Metaphosphorsaure 6® ® ^ 

Bestimmung nach Tillmans mit und ohne Schwefelwasse^ o e an u 
dasselbe Resultat erhielt. Falls wegen geringen fskorbmsauregehal 
in einer Hammenge von nicht weniger als 5 ccm titnert wer ™ ’ 

so ergab sich dagegen bei Bestimmung nach Tillmans eine er e 


6 
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TABELLE 29, 

Die Zunahme des Beduktionswertes im Earn nach Behandlung mil 
Schwefelwasserstoff ist nicht durch DehydroaskorbinsSure bedingi. 

Die Werte der Tabelle sind die Mittelwerte aus Bestimmungen in ver- 
schiedenen Meerschweinchenharnen und geben den Verbrauch an 0,i % 
Dichlorpbenolindophenol an. 


Vitamin-0 

Zufuhr 

100 mg/Tag 


20 mg/Tag 

Bestimmung in: 

1 ccm Harn 


5 ccm Harn 

Methode: 

Tillmans 

Tillmans 

Tauber 

Tauber 

Restreduktion 

Vor HjS-Be- 
handlung 

1,28 

0,84 

0,22 

0,12 

Rack HjS-Be- 
handlung 

1,30 

0,58 

0,18 

0,40 

Anzahl d. Harn- 
proben 

50 

12 

12 

12 


steigerte ReduktionsfUhigkeit des Hams, wenn dieser vorher mit Schwefel- 
wasserstoff behandelt worden war. 

Bei Bestimmung nach Tauber zeigte es sich indessen, dass die Askor- 
binsaure eher etwas geringer war. Die erhOhte Reduktionsfahigkeit war 
also durch reduzierende Verbindungen bedingt, die von dem Enzym nicht 
angegriffen wurden und keine Askorbinshure sein kOnnen. Diese liefem 
den sog. Restreduktionswert (d. h. den Titrierwert bei Bestimmung nach 
Tauber, den man nach Zusatz von Enzym findet). 

Der Versuch zeigt also, dass keine Dehydroaskorbinshure ausgeschieden 
wird und dass die Behandlung mit Schwefelwasserstoff ilberflilssig ist. 

Aus der obengenannten Tabelle (Tabelle 29) geht indessen hervor, 
dass man auch in nicht mit Schwefelwasserstoff behandeltem Ham einen 
geringfUgigen Restreduktionswert nach Tauber erhait (einer Askorbin- 
saureausscheidung von etwa 0,86 mg/Tag bei Bestimmung in 5 ccm Probe 
entsprechend), Zwar besagt dies, dass Dichlorindophenol nicht einmal 
im nicht mit Schwefelwasserstoff behandelten Ham ein ganz spezifisches 
Askorbinsaurereagens ist, doch ist der Fehler so klein, dass er keine RoUe 
spielt, wenn in 1 ccm Harn titriert werden kann. (Er wUrde in nonnalem 
Ham nur 0,02 ccm der verwendeten 0,i % ReagenzlOsung entsprechen.) 
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TABELLE 30. 

Der Zitsammcnhang zwischen Vrochrom A und Restredriktion. 

In Meersclm-einchenharn vurde teils das Urochrom A, teils die Askor- 
binsiiure gemiiss Fujita, Tillmans und Tauber nacb Behandlung mit 
Scbirefelivasserstoff bestimmk Die Ergebnisse nacb Fujita. und Tillmans 
•wurden um die Ergebnisse nacb Tauber (d. b. um den korrekten Askor- 
binsburewert) vennindert-, und auf diese Weise erbielt man einen Aus- 
druck filr die Restreduktion (die dutch andcre Verbindungen als Askor- 
binsSure bedingte Reduktion). Die Harne wurden nacb ihrem Urochrom- 
A-6ebalt gruppiert, und fiir jede Gruppe wird das Mittel aus den ent- 
sprechenden Restreduktionswerten angegeben. 


Urochrom-A. E 

0,00- i 

0.19 

0,20- 

0,29 

0|30“ , 
0,39 

' j 

0,40- 

0,49 

0,60- 

0.59 

0,60- 

0,69 

0,70- 

0,79 

0,80- 

Restreduktion in mg 
Askorbinsiiure/Tag mit: 

Fajita 

Tillmans 

Anzahl Harnproben 

1 

2,11 

5,24 

3 

2,3 

3,68 

11 

*>5 

4,47 

22 

3,21 

4,42 

19 

2,95 

7,10 

9 

4,98 

8,81 

10 

3,58 

10,4 

6 

8,36 

15,3 

11 


4. Das Urochrom A venirsachf nach der Behandlung des Earns mit 
Schwefehaasserstoff diejenige Reduktion des Tilbnans-Reagens, die nicht 
durch Askorbxnsaure bedingt isi. 


In Meerschweincbenharnen wurde sowohl die AskorbinsUureausschei- 
dung nach Tillmans, Fujita und Tauber nach vorheriger Behandlung mit 
Scbwefelwasserstoff als auch die Urochrom-A-Ausscbeidung nacb Ekuan 
bestimmt. Die Askorbinsliurewerte nach Tillmans und Fujita wurden um 
die korrekten AskorbinsSurewerte nach Tauber vennindert. Man erbielt 
so einen Ausdruck ftlr den nicht dutch die AskorbinsUure bedingten 
Anteil der Reduktion = die Restreduktion. Die Ergebnisse aus diesen 
Versuchen sind in Tabelle SO zusanunengefasst, wo die Harne je naoh den 
gefundenen Urochrom-A-Werten gegliedert sind, fUr jede >Urochrom-A- 
Gruppe* ist das Mittel der Restreduktionswerte nach Tillmans und Fujita 
sowie die Anzahl der untersuchten Harne angegeben. Namentlich le 
nach Tillmans gewonnenen Restreduktionswerte und die Urochroni- 
Werte stimmen quantitativ sehr giit miteinander aberein, und eine S 
sinnige Tendenz macht sich auch betreffs der nach Fujita ge un enen 

Restreduktionswerte bemerkbar. . -nr ; o 

Betreifs des TiLLMANS’schen Reagens ist die Untersuchung m er e s 
fortgefiihrt worden, dass Urochrom A isoliert und nac u^ 
Metaphosphorsliure mit Schwefelwasserstoff behande t wur e. s 
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Bich, dass diese Urochrom-A-LOsung das TiLLiiANS-Reagens zu reduzieren 
vermochte. Der Versuch ist mit samtlichen in Kap. VII behandelten 
Urochrom-A-Praparaten angostellt worden. 


Besprccliung der Ergclinisse. 

Die Versuchsergebnisse durften sieh folgendermcossen zusam- 
raenfassen lassen: 

1. Bei Askorbinsaureuntersuchungeii im Harn muss der Ham 
in Metaphosphorsaure und unter Toluol gesammelt wcrden, da 
sonst eine baldige irreversible Oxydation der Askorbinsilure 
eintritt. 

2. Der Extrakt atis Schlangengurken entlialt eine Askor- 
binase, die keinen anderen Harnbestandteil als Askorbinsiiure 
angreift. 

3. Die Askorbinsilure wird nur in nicht oxydierter Form 
ausgeschieden, weshalb sicb die Behandlung mit Scliwefehvas- 
serstoff eriibrigt. Bei Bestimmung in 1 ccm Harn (in der gleichen 
Menge Metaphosphorsaure gesammelt) kann Dichlorphenolindo- 
phenol (0,1 %) als ein ausreichend spezifisches Askorbinsiiure- 
reagens gelten. 

4. Behandelt man Harn mit Schwefelwasserstoff, so wird 
nicht nur Askorbinsaure, sondern auch Urochrom A reduziert, 
und dieses Urochrom A kann das TiLLiLANS-Reagens reduzieren. 

Im Zusammenhang mit der Feststellung, dass es wahrschein- 
lich das Urochrom A ist, welches nach Schwefelwasserstoff- 
behandlung des Hams zu hohe »Askorbinsaurewerte» liefert, ist 
erne Untersuchung von Worderhoff (1940) von Interesse, in der 
gezeigt wird, dass die Restreduktion bei Bestimmungen von 
Askorbinsaure im Serum nach Tauber bei Patienten ansteigt, 
bei denen auf Grund niedriger Serum-Askorbinsiiurew'crte ein 
C-Vitaminmangel angenommen werden kann. Die Analogic mit 
der von Ekman (1940) beobachteten Steigemng der Urochrom-A- 
Werte im Ham bei C-Vitaminmangel erscheint eindeutig, und 
man darf wohl annehmen, dass auch die von WOrderhoff bei 
C-Vitaminmangel beobachtete erhohte Restreduktion im Serum 
auf das Urochrom A zuruckzufiihren ist. Es erscheint femer 
moglich, dass die auf S. 37 erwahnte Beobachtung von Daniels 
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und Everson, dass die Askorbrnsaureausscheidung bei Kindern 
nacli Zufuhr von Azetylsalizylsaure anstiege, so zu erklaren 
ware, dass eine erhbbte Urochrom-A-Ansscheidung die waJire 
Ursacbe der gesteigerten 5^Askorbinsaurewerte» gewesen ist 

VI. Die quantitative Bestimmung von Histidin ist nach 
Niendorl (1939) ausgefuhrt worden. 

VIT. Quantitative Bestimmung des Phenols. 

Zur Bestimmung des Phenols bediente ich mich eines kolori- 
metrischen Verfahrens mifc p-nitranilin als Phenolreagens nach 
Bohm imd GrOner (1936). Um storende Farbstoffe zu beseitigen, 
schiittelte ich die Probelosungen (Harn Oder Losungen von In- 
vitro-Versuchen) mit Permutit, wie es Marenzi und Banfi (1936) 
vorgeschlagen haben. Um auch gebundenes Phenol bestimmen 
zu kbnnen, babe ich die Phenolbestiinmungen nach Hydrolyse der 
Probierlosung mit HCl im kochenden Wasserbad nach Theis und 
Benedicts (1924) Anweisungen fiir die Bestimmung des Gesamt- 
phenols im Ham ausgefuhrt. 


VIII. Bestimmung von Polyphenolen. 

Im Verlauf der Untereuchungen zeigte es sich, dass die Um- 
wandlung aromatischer Verbindungen durch Askorbinsilure als 
eine Oxydation aufgefasst werden muss. Damit ergab sich der 
Wunsch, diesen Oxydationsablauf quantitativ zu verfolgen. Es 
durfte angenommen werden, dass sich dabei Stoffe von Poly- 
phenolnatur, also Dioxy- und Trioxybenzole bilden wiirden. 
Diese Stoffe ergeben eine Farbreaktion mit Phosphormolybden- 
saure, die Briggs (1922) zur Bestimmung von Homogentisinsaure 
verwertet hat. Briggs vergleicht die von Homogentisinsaure mit 
Phosphormolybdensa-ure gebildete Farbe mit derjenigen Farbe, 
die eine Hydrochinonstandardlosung mit demselben Reagens lie- 
fert. Das Verfahren lasst sich also ebensogut zur Bestimmung 
von Hydrochinon verwenden, Eiweissstoffe truben die Losungen 
und Sulfide ergeben mit dem Reagens eine ahnliche Farbe wie 
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die, welche z.B. mit Hydrochinon erhalten wird. Urn diese Fehler- 
quellen zu vermeiden, behaMelt Briggs die Probelosung zu- 
nachst mit Trichloressigsdure und Siibersulfat. 

Man hat feststellen konnen, dass die meisten Polyphenole, die 
aus dem Ham isoliert worden sind, an Schwefelsiinre Oder in 
gewissen Fallen an Glykuronsllure gebnnden waren (Neurauer- 
Huppert 1913). Ich babe eine Reihe vergleichender Polyplienol- 
bestimmungen nach Briggs in verschiedenen Harnen mit und 
ohne vorherige SalzsUurehydrolyse der Probeldsungen gemaclit, 
und es zeigte sich dabei auch, dass nach der Hydrolyse hohere 
Werte heranskamen. 

Das urspriingliche BRiGGs’sche Yerfahren wurde daher mit 
einer Hj’^drolyse verbunden, und die Polyphenolbestimmungen 
wurden nach folgendem Arbeitsschema ausgcfilhrt; 

3 ccm Ham werden im Reagenzglas mit 3 ccni 10 % Trichlorcssigsiiure 
und 3 ccm 0,5 % Siibersulfat zusammengebracht. Nachdem das Reagenz- 
glas geschlittelt worden ist, lilsst man es mindestcns 10 Min. stehen. Dann 
wird 1 ccm 25 % Natriumchlorid beigegebon und nach vorherigem 
SohUtteln filtriert. 5 ccm des Filtrats werden mit 10 ccm Aq. desb und 
1 ccm 10-n Salzsilure versetzt und 15 Min, in ein kochcndes Wasscrbad 
gestellt. Nach Abktlhlung auf Zimmertemperatur werden 2 ccm 1 % 
prirndres Kaliumphosphat und 2 ccm 5 % Ammoniummolybdat in 5-n 
SchwefelsS-ure zugesetzt. Nacli genau 6 Min. liest man die Extinktion im 
ZEiss-PuLPHRiCH-Photometer mit dem Filter S72 in S cm-KUvetten mit 
dest. Wasser als VergleichslOsung ab. (Bci Vem-endung von kupferhal- 
tiger Salzsilure zur Hydrolyse [sieheunten] wird dies jedesmal angegeben.) 


Angabe der Resultate. 

Verschiedene Polyphenole ergeben je nach ihrer Konstitution 
eine verschieden starke Farbreaktion mit Phosphormolybden- 
saure und in gewissem Grade unterschiedliche Farbnilancen. Es 
ist daher nicht mSglieh, bei Verwertung der Reaktion z. B. in 
Harn die gefundenen Extinktionswerte in eine gewisse Menge 
Polyphenole zu verwandeln, sondern man kann nur relative 
Werte erhalten. 

Das Ergebnis wird daher nur als der Extinktionswert bei 
Bestimmung nach dem oben angegebenen Reaktionsschema in 
einer bestimmten Tagesmenge Harn angegeben (E-Briggs). 



Z\KLISCH]E VERBINDUNGEN UND VITAMIN C 


87 


Kontrollversuclie. 

Sowohl die Dioxyphenole Brenzkatechin und Hydrochinon als das 
TrioxjThenoI Brenzgallol ergeben mit dem angewandten Filter eine maxi- 
male Extinktion. 

Bei Doppelbestimmungen erhait man gute Obereiustimmung zwischen 
den Werten im selben Earn. Die Abweichnngen betragen im ailgemeinen 
hochstens 1 — 2 %. 

Enter den speziellen Verhaitnissen, unter denen das Verfahren bier 
zur Anwendung gelangen soli, kommen grosse Schwankungen im Askor- 
binsUure- und Urcchrom-A-Gehalt des Earns vor, weshalb die Moglicb- 
keit einer Einwirkung seitens dieser beiden Verbindungen auf die Be- 
stimmung untersucht worden ist. 

Askorbinsiiure ergibt auch in kleinen Mengen mit Phosphormolybden- 
sUure dieselbe Reaktion wie die Polyphenole, Da- der Ham far diese 
Untersuchungen ohne Zusatz von Metapliosphorsaure gesammelt v/orden 
ist, vrar im ailgemeinen alle Askorbinskure schon nraiirend des Sammelns 
oxydiert worden, die Reste wurden dann beim Kochen mit Salzsaure 
dekomponiert. In gewissen Fiillen war aber trotzdem noch Askorbin- 
sSure zuriickgeblioben, und es wurde dann so verfahren, dass die bei der 
Eydrolyse benutzte Salzsiiure mit kleinen Mengen Kupfer (1 % Kupfer- 
azetat in der 10-n SalzsSure) versetzt w’urde, wodurch die restlose Zer- 
stiJrung der AskorbinsSure erzielt w'urde. Dieses Verfahren bringt jedoch 
auch kleinere Verluste an Polyphenol mit sich. 

SSmtliche isolierten Urochrom-A-PrSparate (siehe Kap. VII) reagieren 
mit PhosphonnolybdensSure. In Kontrollversuchen zeigte es sich aber, 
dass das meiste Urochrom durch den Silbersulfatzusatz gefSUt wird, 
weshalb die Einwirkung von Urochrom A keine nennenswerten Fehler 
zu verursachen braucht. 

Zusammenfassend diirfte man von der Metliode sagen konnen, 
dass sie Starke MS-ngel aufweist: die Vergleichbarkeit der gefun- 
denen Werte kann dadurch gestdrt werden, dass verschiedene 
Polyphenole verschieden starke Farbreaktionen mit Phosphor- 
molybdensaure ergeben, und durch Einwirkung von Urochrom A 
und Askorbinsaure konnen zu hohe Werte herauskommen. 

Die Methode ist daher nur unter bestimmten kontrollierten 
VerhSltnissen und mit speziellen Versuchsvorrichtungen brauch- 
bar. Der Wert der gefundenen Ergebnisse wird in Einsicht iiber 
die Mangel der Methode im Zusammenhang mit den einzelnen 
Versuchen erbrtert werden. 
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IX. Quantitative Bestimmung von Stoffen, die eine primare 
Aminogruppc enthalten. 

Stoffe, die eine primare Aminogruppe enthalten, konnen nach 
Diazotierung dieser Aminogruppe mit einem aromatischen Amin 
gepaart werden und mit diesem einen Diazofarbstoff liefern, der 
sieh kolorimetrisch bestimmen lasst. Auf dieses Prinzip hat Mar- 
scHALL eine quantitative Bestimmung des Sulfanilamide gegriin- 
det, die dann von Hecht verbessert und schliesslich auch an 
anderen Sulfanilsaureamiden von Simesen (1939) nachgepriift 
worden ist. In einer spateren Arbeit (1940 a) hat Simesen das 
Hydrolysenverfahren bei Bestimmung des im Organismus ge- 
paarten Teiles der Sulfanilsaureamide vereinfacht. 

In der vorliegenden Arbeit sind Sulfanilamid und. Paraamino- 
benzoesaure nach dem von Simesen angegebenen Verfahren be- 
stimmt worden. 


Kontrollversuche. 

Wie Simesen hervorhebt, muss alles Nitrit, das nach der Diazotierung 
im Cberschuss vorhanden ist, vor Zusatz des aromatischen Amins entfemt 
werden, da man sonst unrichtige Werte erhalt. Zur Beseitigung des 
Nitrits. im Bberschuss babe ich Harnstoff venvendet, doch muss, wenn 
man ein korrektes Resultat erzielen will, die diazotierte Ldsung dann 
vor dem Zusatz des aromatischen Amins minde&tens Vi Stunde mit einer 
2 % Harnstofflosung stehen. 

Die Hydrolyse der gepaarten Verhindung -wird mit den von Simesen 
angegebenen Verfahren vollstandig. 

Sulfanilamid, das dem Harn zugesetzt wird, wird quantitativ wieder- 
gefunden. 

Die Kolorimetriefarbe halt sich 24 Stunden, vorausgesetzt dassi die 
(alkoholische) Losung vor Verdunstung geschiitzt wird. 


X. Versuehsvorrichtungen. 

A. In vitro. 

Die Technik fusst auf Edlbachers (1937) Versuchen, Histidin 
durch Askorbinsaure abzubauen, wobei der Abbau bei Sauerstoff- 
zufuhr in Anwesenheit von dreiwertigem Eisen stattfand. 
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Die Versuche in vitro sind auf zweierlei Weise ausgefiihrt wor- 
den, und zwar toils nach einer Technik, die sick eng an die Edl- 
BACKERSche anlehnt und die ich im folgenden als Kolbenversuche 
bezeichne, toils in einer etwas abgewandelten Form, die bier als 
Schalenversuche bezeiclinet wird. 

1 . Kolbenversuche . 

Hier wurden 55 cem fassende Fraktionskolben benutzt, die an 
eine Wasserstrahlpumpe angeschlossen waren und durch ein 
Kapillarrohr, das nahe der Bodenfliiche des Kolbens miindete, 
beliiftet wurden. Als Puffer diente prim./sek. Pliosphat in einer 
Gesamtmenge von 25 ccm. Das Gesamtvolumen im Versuch war 
stets 50 ccm. Um Fiillung von Eisenverbindimgen zu verJiiiten, 
arbeitote ich mit Ferrizitrat statt des von Edlbacher verwendeton 
Ferrisulfats. Die Fraktionskolben wnirden in ein Wasserbad ge- 
bracht, das eine konstante Temperatur von 42° C gewkhrleistete: 
die Versuchsdauer betrug im allgemeinen 16 — 24 Stimden. Bei 
Zusatz saurer odor basischer Verbindungen ^vurden diese stets 
mit Natriumliydroxyd bzw. mit SalzsSure auf das pH der Puffer- 
losung gebrachk 

Die Mengen der Aekorbinsfture und zyklischen Verbindungen, 
in mg ausgedriickt, sind gewdlinlich Teile oder Vielfache des 
MolekulargewicUts der betreffenden Stoffe. 

Diejenigen Versuche in vitro, die auf Isolierung des gebildeten 
Farbstoffs abzielten, sind stets als Kolbenversuche durcbgefuhrt 
worden, doch in grosserem Masssta,b und mit Fraktionskolben, 
die 500 Oder 1000 ccm fassten. (Beispiel: 1,72 g Sulfanilamid, 
4,4 g Askorbinsiiure, 136 rag Ferrizitrat, 500 ccm Pufferldsung 
pH 5,8, Versuchszeit 48 Stdn.) 

2. Schalenversuche. 

Bei den Schalenversuchen wurden die Versuchslbsungen 
nicht in der fur die Kolbenversuche beschriebenen Art beliiftet, 
sondern das Reaktionsgemisch w'urde in flache Glasschalen ge- 
gossen, die etwa 20 ccm fassten und die dann bei konstant 42 C 
im Thermostat abgestellt vuirden. Das Gesamtvolumen der Ver 
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suchslosungen war ungefahr 15 ccm, die Pufferlosung 10 ccm. 
Die Sauerstoffzufuhr erfolgte bei diesen Versuchen also nur 
durcb die Beriibrung der im Yerhaltnis zum Volumen grossen 
Flussigkeitsoberflacbe mit der Luft. Nacb Beendigung eines 
Schalenversuchs wurde die Reaktion immer dadurcb zum Auf- 
bSien gebracbt, dass die Losung mit 5 ccm 20 % Metephosphor- 
siiure aiigesauert wurde. 

Auch in den Schalenversuchen kann man eine Farbstoffbildung 
beobachten, doch ist diese so scbwach, dass die Urocbrom-A-Methodik 
nicht brauchbar war. Pa es wilnschenswert erschien, eine Vorstellung 
von der Farbstoffbildung zu bekommen, wurden die Versuchslosungen 
statt de&sen direkt kolorimetriert, und zwar mit dem Filter S47 in 3-cm- 
Kdvetten des PuLPHRics-Pbotometers und mit dest. Wasser als Ver- 
gleicbslbsurg. Der gefundene Extinktionswert (im folgenden als »Extink- 
tionswert der Totalfarbstoffbildung* bezeicbnet) ist u. a. durcb Urochrom 
A, aber auch durch nicht mit Kupferazetat fSllbare Farbstoffe bedingt. 
Durch Kolorimetrieren in angeshuerter Losung kann man indessen ver- 
hindem, dass Farbe, die durch die Reaktion zwischen Askorbinshure und 
dem zugesetzten Elsen bedingt ist, zuriickbleibt. 

Die Versucbe iu vitro siud allgemein als Kolbenversucbe aus- 
gefuhrt worden, in gewissen Fallen aber waren Scbalenversucbe 
zweckmhssiger, namlich teils wenn mit grossen Versuchsreihen 
gearbeitet werden musste, teils wenn es sich urn sehr schwache 
Versuchslosungen handelte. Im letzteren Falle durfte namlich 
angenommen werden, dass Schwankungen in der Beliiftung aUzu 
Starke Uneinheitlichkeit der Versuchsergebnisse zur Folge baben 
konnten. 


B. In tIto. 

Versuche mit Vitamin C in vivo miissen in den moisten Fallen 
an Tieren vorgenommen werden, die bei mangelhafter C-Vita- 
minzufuhr Skorbut bekommen. Bei den vorliegenden Unter- 
suchungen baben also Meerscbweincben als Versucbstiere ge- 
dient, wahrend die nicht als wirklicbe Skorbutversuche geplanten 
in gewissen Fallen am Menschen gemacbt worden sind. 

Vorlaufige Untersuchungen tiber den Zusammenbang zwischen 
Brunstzykius und Ausscheidung von Histidin und Indoxyl baben 



ZY^ISCHE VERBINDUNGEN UND VITAillN C 91 

solche Befunde ergeben, dass ich es fiir ricbtig hielt, in den Meer- 
schwemchenversuchen nur mit Manncben zu arbeiten ^ 

Die Ti^ere warden in Stoffwechselkafigen vom gewohnten 
Tj'pus gelialten, imd der Ham wurde in Kolben gesammelt, die 
zwecks Vermeidung von Bakterienwachstnm und Luftzutritt mit 
emer etwa cm-dicken Schicbt Toluol beschickt waren. Bei Be- 
stimmung der Askorbinsiture im Earn sind besondere Massre^eln 
getroffen worden (siehe S. 84). ° 


T. ’ ^ttenweibchen bekanien tiiglich 20 mg AskorbinsUure eingespritzt. 
Ihr Zykius wurde 3 Wochcn lang diirch tagliche Vaginalabstriche beob- 
achtet, Der Earn wurde in Zweitageperioden mit einem freien Zwischen- 
tag abwechseind unter Toluol gesammelt. Bestimmt wurde die Indoxyl- 
und Histidinausscheidung. 

Each den Yaginalabstrichcn, die in gewohnter Weise beurteilt wurden. 
sind in Tabelle 31 die Harnsammclperioden in 4 Gruppen gegliedert: 

1) der Ham war unmittelbar vor einer Brunstperiode gesammelt, 

2) wlLhrend einer Brunstperiode, 3) unmittelbar nach einer Brunstperiode 
und 4) in einer Zwischenperiode. Wie aus der Tabelle henmrgeht, 
herrscht ein unverkennbarer Zusamroenbang zwischen der Indoxvl- und 
Histidinausscheidung im Harn und dem Brunstzyklus. Beide Stoffe wer- 
dcn wUhrend und unmittelbar nach der Brunstperiode sttlrker ausgeschie- 
dcn, w.’ihrend der Zwischenperiode und unmittelbar vor einer Brunst- 
periodc ist die Ausscheidung geringer. 

Die Untersuchungen werdcn in anderem Zusammenhang fortgesetzt 
werden. 


TABELLE 31. 

Der Bntnsizyhhis vnd die Jusscheid7mg voti Ehtidin 7ind Indoxyl bei 

der Ratte. 

Versuchseinrichtung siehe im Text! 


1 

i 

.\nfsaram- 
lung des 
Hams 

Unmittelbar 
vor einer 
Brunsb 
periode 

Wuhrend 

einer 

Brunst- 

periode 

Unmittelbar 
nach einer 
Brunst- 
periode 

In einer 
Zwischen- 
periode 

Anzahl 

Bestim- 

mungen 

Ausschei- 
dung in mg/ 
Tag von 

Histidin 

0,C9 

0,74 

0,79 

1 

0,61 

67 

Indoxyl 

1 1,12 

1,16 

1,60 

l,sa 

71 
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Die Kost war in samtlichen Tierversuchen die von Hahmarstek 
(1937) angegebene Kost Nr. 211/ Diese soil eine Normalkost 
sein und enthalt daber auch das C-vitaminhaltige Hagebutten- 
mehl. Dieses ist bier aber ausgelassen worden, die C-Vitamin- 
zufiihr vird in jedem einzelnen Versuch besonders angegeben. 

Die Kost war eigentlicb fiir Ratten ausgearbeitet worden, bat 
sicb aber aucb fiir Meerscbweinchenversuche als geeignet er- 
wiesen: bei geniigender Zufuhr von Vitamin C wuchsen die Tiere 
normal und waren in guter Verfassung, ohne Darreichung von 
Vitamin C gingen sie in der normalen Zeit an Skorbut zugrunde. 

In der vorliegenden Arbeit, die aucb Studien iiber die Aus- 
scbeidung ernes Farbstoffs, des Urochroms A, im Harn umfasst, 
durfte ein wesentlicber Vorzug dieser Kost darin liegen, dass 
sie keine gefarbten Bestandteile enthalt. 

Die Tiere bekamen taglich 20 — ^25 ccm Wasser. 


In diesem Kapitel werden neue Methoden zur Bestimmung 
von Urochrom A, Salizylsaure (freier und gebundener) und Indol 
vorgeiegt. 

Die Bestimmung smethoden fiir Askorbinsaure im Harn sind 
gepriift worden, wobei folgende ResuUate erhalfen wurden: 

1. Dehydroaskorbinsaure wird im Harn von Meerschweinchen 
nicht ausgeschieden. 

2. Sammelt man den Harn in MetapJiosphorsdure und tinier 
Toluol, tritt keine Zerstorung der Askorbinsaure ein, und in den 
meisten Fallen ist eine direkte Titration mit BichlorpJienolindo- 
phenol geniXgend spezifisch. Titriert man in grosseren Harn- 
volumina, ?o bildet das Urochrom A eine ernste Fehlerquelle. 


‘ Kost 211: Reismehl 666 Teile. Kasein 150 T. Arachisol 37 T. Dorsch- 
lebertran 3 T. Weizenkeimlinge 30 T. Zucker 10 T. Hagebuttenmehl 5 T. 
Trockenhefe 30 T. Salzgemisch- 61,6 T. NaHCOa 7 T. Insgesamt 1000 T. 
Salzgemisch: NaCl 83 g, MgSo4,7H20 113 g, KH2PO4 100 g, Kalziumlaktat 
o40 g, Ca(H2P04)2,H20 380 g, Ferrizitrat 35 g, MgO 64 g, fotalgewicht: 
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3. GurJx'e enthalt ebw Askorbinase, die keine anderen redu- 
zierenden Harnbestandteile als Askorbinsdure zerstort. 

Bei KonfroUversuchen mittels des BmG^^schen Verfahrens zur 
Bestimvnmg von Polyplienolen wird gezeigt, dass auch Uro- 
chrom A inid Askorbinsdure Pkosphormolybdensdure redvziereti. 

Ferner tcerden die iibrigen in dieser Arbeit angewandten 
qnanfitativen Bestinwmngsverfahren sowie die Methodik der 
Versuche in intro nnd der Tierversuche angegeben. 



KAP. HI. 


TJmwandliing zyklisclier Yerbindungen in vitro 
und in vivo durcli AskorbinsSure unter 
Bildung von Uroclirom A.^ 

I. In vitro. 

Die Einwirkung folgender Faktoren auf die Umwandlung von 
Salizylsaure, Sulfanilamid und Indol ist untersucht worden: 

1. Schwankungen des Konzentrationsverhaltnisses Askorbin- 
saure/zyklische Verbindnng. 

2. Schwankungen des pH. 

3. Zusatz verschiedener katalytisch wirksamer Metallionen 
(zwei- und dreiwertiges Eisen, zweiwertiges Kupfer) in weeh- 
selnden Konzentrationen. 

4. Die zeitlichen Verhaltnisse der Oxydation der Askorbin- 
saure, der Umwandlung der zyklischen Verb indung und der 
Farbstoffbildung. 

5. Zusatz von mehr als einer zyklischen Verbindung (»Kon- 
kurrenzversuche»). . 

6. Zusatz gewisser zyklischer Hormone, die nach Schrift- 
tumsangabeu als Antagonisten des Vitamins C verdachtigt 
werden konnen: Prolan, Ostron, Cyxen, Thyroxin. 

‘ Mit dem Ausdruck sunter Bildung von Urochrom A» ist gemeint, 
dass Farbstoffe gebildet werden, die sich mittels einer Urochrom-A- 
Bestimmungsmetbode bestimmen und ebenso wie das Urochrom. A des 
Hams isolieren lassen. Der Ubersichtlichkeit wegen hat indessen die 
Untersuchung dieser Urochrom-A-PrdpaTate ein eigenes Kapitel erhalten, 
in welchem auch das Problem der Einheitlichkeit dieser Stoffe behandelt 
wird. (Urochrom A: HEttMEVERS Terminologie, s. S. 18.) 
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Schliesslich ist untorsucht worden, ob eine Umwandlung einer 
zyklischen Verbindung stettfindet bei Konzentration der reagie- 
renden Stoffe, die auch in vivo vorkommen konnen. 


Allgemein wurde angestrebt, die Verhaltnisse bei der Um- 
vandlung von Indol, Salizjdsaure und Sulfanilamid unter mSg- 
licbst einheitlichen VerbUltnissen zu untersuchen. Wegen der 
SchwerlOslicbkeit des Indole war es dabei notwendig, mit rela- 
tiv scbwaehen Konzentrationen der reagierenden Stoffe zu 
arbeiten, und infolgedessen lag die Farbstoffbildung nabe der 
unteren Grenze der Bestimmungsmiiglichkeiten des Urocbrom-A- 
Verfahrens, und in gewissen Fallen waren keine ganz zuver- 
liissigen Werte zu erhalten. Namentlich gilt dies von den Ver- 
suchen mit Sulfanilamid, weshalb fiir diesen Stoff in gewissen 
Fallen auch andere Konzentrationen gewahlt worden sind. 

1 . Einwirkung von Sclnvankungen des Konzentrationsver- 
hiiltnisses Askorbinsuure/zyklische= Terbindung auf die 
Tlmvnndlung der zyklisclien Tcrbindimg. 

Sovohl mit Natriumsalizylat und Sulfanilamid als mit Indol 
vnirde, wenn eine hbliere molare Konzentration der Askorbin- 
sliure als der zyklischen Verbindung gegeben war, eine maxi- 
male Umwandlung erzielt (Tab. 32 — 34). Das optimale VerhSlt- 
nis ist bei den einzelnen Verbindungen verschieden: fiir Salizyl- 
sliure IG : 1 (nicht mit grdsseren Konzentrationsunterschieden 
untersuclit), fiir Sulfanilamid 8 : 1,' fiir Indol 4:1. 

Dieso Versuclie sind mit konstanter Menge der zyklischen 
Verbindung und wechselnden Askorbinsciuregaben ausgefiihrt 
worden. BehUlt man statt dessen die Askorbinsauremenge um 
veriindert bei und veriindert die Menge der zyklischen Ver- 
bindung, so findet man, vie aus Tabelle 35 hervorgeht, dasselbe: 
die Umwandlung der zjidischen Verbindung, in Prozent der 
zugesetzten Menge ausgedriickt, ist bei Askorbinsaure im "Ober- 
scbuss am grossten. Die absolute Menge umgewandelter zyk- 
lischer Verbindung dagegen ist bei steigendem Zusatz der 
zyklischen Verbindung grosser und halt sich, nachdem etwh 
gleichmolare Konzentration erreicht ist, ungefa.hr konstant auch 
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TABELLE 32. 

llmwandlung von NatrhmsaUzylai durch Askorbinsiiure. Einwirkung des 
Zusatzes wechselnder Mengen Askorbinsaure. 
Kolbenversuche. Zusatz in samtlichen Versuchen: 80 mg Natriumsali- 
zylat, 13 j 6 mg Ferrizitrat. Versuchszeit 17 Stdn, pH 5,8. 

In Versuch Nr. 6 ist das molare KonzentrationsverhEltnis Askorbin- 
saure/Natriumsalizylat/Ferrizitrat = 2:1: 0,1. 

In Versuch Nr. 9 ist die Umwandlung am umfassendsten und ent- 
spricht 67 % der zugesetzten Menge Natriumsalizylat. 


Nr. 

Ziigesetzte 

Wiedergefunden 

Urochrom-A 

Ask. (mg) 

Ask. (mg) 

Natr.-sal. 

(mg) 

E 

1—2 

0 


79,1 

0 

3 

22 


68,6 

0,06 

4 

44 


64,0 

0,21 

5 

88 


53,6 

0,12 

6 

176 

1,6 

40,7 

0,24 

7 

352 

3,0 

33,9 

0,84 

8 

704 

8,8 

32,4 

0,65 

9 

1408 

37,5 

26,4 

1,32 


TABELLE 33. 

Umwandlung von Sulfanilamid durch Askorbinsdure. Einwirkung des 
Zusatzes wechselnder Mengen Askorbinsiiure. 
Kolbenversuche. Zusatz in sSmtlichen Versuchen: 86 mg Sulfanilamid, 
13,6 mg Ferrizitrat. Versuchszeit 17 Stdn. pH 5,8. 

In Versuch Nr. 6 ist das molare Konzentrationsverhhltnis Askorbin- 
skure/Sulfanilamid/Ferrizitrat = 2 : 1 : 0 ,i. 

In Versuch Nr. 8 ist die Umwandlung am umfassendsten und ent- 
spricht 79,3 % der zugesetzten Menge Sulfanilamid. 


Nr. 

Zugesetzte 
Ask. (mg) 

Wiedergefunden 

Urochrom-A 

E 

Ask. (mg) 

Sulf. (mg) 

1-2 

0 


82,3 

0 

3 

22 

0 

71,6 

0 

4 

44 

1,0 

60,2 

0,01 

5 

88 

1,0 

51,0 


6 

176 

1,0 

35,6 

0,09 

7 

352 

2,0 

20,9 

0,35 

8 

704 

50,4 

17,8 

0,69 

9 

1408 

740,0 

41,8 

0,82 
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TABELLE 34. 

XJtmr.andltmg von Inddl durch Askorbutsaure. Einvnrkung des Zvsatzes 
wcchscinder Mengen Askorbinsaure. 

Kolbenversuche. Zusatz in siimtiichen Versuchen 29,3 mg Indol, 13,6 mg 
Ferrizitrat pH 5,s. Versuchszeit 15,5 Stdn. 

In Vcrsuch Hr. 6 ist das molare Konzentrationsverlialtnis Askorbin- 
siiure/Indol/Ferrizitrat = 2 : 0 ^ : O.i. 

In Veisuch Nr. 6 ist die Umwandlimg am umfassendsten tmd ent- 
spriclit 95,6 der zugesetzten Indolmenge. 


>*r. 

Zugesetzte 
Ask. (ing) 

IViedergeftinden 

Urochrom-A 

E 

Ask. (ing) 

Indol (mg) 

1—2 

0 

0 

12,6 

0 

3 

22 

0 

8,2 

0,035 

4 

44 

0 

4,7 

0,01 

n 

88 

0 

3,2 

0,12 

6 

17G 

0 

1,3 

0,13 

7 

352 

19,0 


0,56 

8 

704 

29,8 


0,91 

9 

1408 

22G,0 


1,13 


boi Zusatz eines selir hohen Dberschusses der zyklisclien Ver- 
bindung. (Der Versuch hat aus Griinden dor Losliclikeit nur 
mit Natriumsalizylat ausgefuhrt werden konnen.) 

In den FJillen, in denen die Askorbinsaure nicht vollstandig 
oxydiert worden ist (Sulfanilamid und Indol, Tab. 32 und 34), 
wird die Umwandlung bei Anwesenheit nicht-oxydierter Askor- 
binsaure gehemmt. Eine Reihe von Schalenversuchen htest dies 
noch deullicher erkennen (Abb. 7), Von Interesse ist in diesem 
Zusammenhang fcmer, dass die Oxydation der Askorbinsaure, 
was ihre SchneIJigkeit angeht, gleich schnell verlauft, unab- 
hilngig davon, ob eine zykiischc Verbindung (Sulfanilamid) an- 
wesend ist Oder nicht. 

In den Kolbenversuchen, in denen die Urochrom-A-Bestim- 
mungen in der gewohnten Weise durchgeflihrt wurden, ent- 
sprechen die Urochrom-A-Werte in der Hauptsache der Um- 
wandlung der zyklisclien Verbindung, ohne dass jedoch eine 
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TABELLE 35. 

Vmwandlung von Natriumsalizylat dutch Askorbinsaure. Einwirkung des 
Zusatzes wechselnder Natriumsalizylatmengen zu einer gleichbleibenden 

Menge Askorbinsaure. 

Kolbenversuche. Zusatz in samtlichen Versuchen 176 mg Askorbin- 
saure, 13,6 mg Eerrizitrat. Versuchszeit 17 Stdn. pH 5,8. 

In Versuch Nr. 4 ist das molare Konzentrationsverhaltnis Askorbin- 
saure/Natriumsalizylat/Ferrizitrat = 2:1: 0,1. 

In Versuch Nr. 1 ist die prozentuale Umwandlung am umfassendsten 
und entspricht 88,7 % der zugesetzten Menge Natriumsalizylat. 

In Versuch Nr. 10 ist die hOchste absolute Umwandlung zu verzeichnen, 
10,2 % der zugesetzten Natriumsalizylatmenge entsprechend. 

In samtlichen Versuchen wird die Askorbinsaure vollstandig oxydiert. 


Nr. 

Zugesetztes 
Natr.-sal. (mg) 

Umgewandeltes 
Natr.-sal. (mg) 

Urochrom-A 

E 

1 

10 

8,87 

0,02 

2 

20 

15,25 

0,13 

3 

40 

24,9 

0,10 

4 

80 

37,8 

0,10 

5 

120 

38,6 

0,22 

6 

160 

44,7 

0,25 

7 

240 

50,0 

0,82 

8 

320 

48,6 

0,45 

9 

480 

54,7 

0,55 

10 

640 

65,4 

0,50 

11 

1280 

40,4 

0,42 


direkte Proportionalitat zwischen der umgewandelten zyklischen 
Verbindung und dem gebildeten Farbstoff bestande. Dies geht 
u. a. daraus hervor, dass die Hemmung der Umwandlung der 
zyklischen Verbindung in Anwesenheit von nicht-oxydierter 
Askorbinsaure keine Hemmung der Urochrom-A-Bildung im Ge- 
folge hat. 

In den Schalenversuchen, in denen nur die »Gesamtfarbstoff- 
bildung» bestimmt werden konnte (siehe S. 90), wird diese da- 
gegen bei Askorbinsaure im Uberschuss hochgradig gehemmt. 

In mehreren Fallen ist die Askorbinsaure auch nach vor- 
heriger Behandlung mit Schwefelwasserstoff bestimmt worden, 
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Abb. 7. Hcntmunff von Sulfanitamidumwandlung und Tofal-Farbsfoff- 
BUdung durch Vberschitss von Askorbinsditre. 
Schalenvcrsuche. Zugesetzt: 2 mg Sulfanilamid, 1.8G mg Ferrizitrat 
10 ccm PhosphatpufferUisung, pH 5,8. (Zu den Versuchen Knrve IV ent- 
sprechend kcin Sulfanilamidzusatz.) Gesaratvolumen 17,5 ccm, Versuchs- 
zeit 21 Stdn. 


um also etwa revcrsibel oxydierte Askorbinsaure zu erfassen. 
Die Untcrschiede zwischen diesen Bestimmungen und den bei 
direkter Titration mit dem Reagens gefundenen Werten waren 
jedoch 50 geringfiigig, dass es unndtig erschien, durchgangig 
sovohl reversibel als irreversibel oxydierte Askorbinsaure zu 
bestimmen. 

Sowolil Sulfanilamid als Salizylsiiure wird praktisch quantita- 
tiv in den Kontrollversuchen wnedergefunden, wahrend Indol 
kaum in der Halfte der zugesetzten Menge wiedeigefunden wird. 
Dies diirfte sich ganz cinfach dadurch erklaren, dass die Be- 
lilftiing eine Destination des Indols bewirkt. 

Bei der quantitativen Bestimmung des restlichen Sulfanila- 
mids bzw. der restliclien Salizjdsilure nacli beendigtem Versuch 
wurde bei direkter Bestimmung Avie nach Hydrolyse dasselbe 
Resultat erzielt. Die UmAvandlung kann also nicht in einer 
Paarung der zyklisclien Verbindung mit der Askorbinsaure be- 
standen baben. 

Die Sauerstoffzufuhr (durchstrbmende Luft) war notwendig, 
damit eine Umwandlung erfolgte. 
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Das Urochrom A konnte in Umwandlungsversuchen mit samt- 
liehen untersuchten zyldisehen Verbindungen aus der betreffen- 
den Versuchslbsung isoliert werden. 


2. Die Ein-wirkung yon Sclnvankungen des pH auf die Umwand- 
lung zyklischer Verbindungen durcli Askorbinsiiure. 

Es erwies sich als unmbglich, die Untersuchung auf den ge- 
samten pH-Bereicli auszudehnen, dg, beim tlbergang beispiels- 
weise von Phosphatpuffer zu Pufferldsung mit Borat Schwan- 
kungen des Umwandlungsergebnisses auftraten, die sich nicht 
durch die Veranderungen des pH erklaren liessen. Die Unter- 
suchungen wrden daher auf den pH-Bereich beschrankt, in 
welchem es raoglich ist, mit Phosphatpuffer zu arbeiten. 

Wie aus Tabelle 36 hervorgeht, bedingen die pH-Schwan- 
kungen nur verhaltnismassig kleine Variationen des Umwand- 
lungsergebnisses, wahrend die Bildung des Urochroms A starker 
beeinflusst wird. Bei alien untersuchten zyklischen Verbin- 
dungen konnte festgestellt werden, dass ein Optimum in bezug 
auf die Umwandlung bei pH 5,4 — 5,8 und in bezug auf die Uro- 
chrom-A-Bildung bei etwa 6,6 liegt. 

Fur die iibrigen Versuche in vitro ist im allgemeinen pH 5,8 
gewahlt worden. 


3. Die Einwirkung dreiwertigen und zweiwertigen Eisens sowie 
zweiwertigen Kupfers auf die Umwandlimg zyklisclier 
Verbindungen durch Askorbinsiiure. 

In ihren Untersuchungen fiber die oxydative Desaminierung 
des Histidins konnten Edlbaoher und v. Segesser (1937 a) zeigen, 
dass dieser Vorgang durch dreiwertiges Eisen (Ferrisulfat), 
Hamin Oder Hamoglobin katalysiert wurde. Ohne Katalysator 
fand praktisch keine Desaminierung statt. 

Hier ist die Einwirkung einiger Metalle auf die Umwandlung 
von Natriumsalizylat, Sulfanilamid und Indol untersucht wor- 
dem Wie Edlbaoher und v. Segesser habe ich die Einwirkung 
dreiwertigen Eisens untersucht, doch habe ich statt des Ferri- 
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TABELLE 36. 

Uinwandlung von NatrinmsaUzylat, Siilfariilamid und Indol durch Askor- 
bijisditrc. Einmirkung wechselnder pH-Werfe. 

Kolbenversuche. Molares Konzentrationsverhaltnis Askorbinsiiure/ 
Natriumsalizylat/rerrizitrat = 2:1: 0,i: Askorbinsaure/Siilfanilamid/Ferri- 
zitrat = 4:2: O.i; Askorbinsaure/Indol/Ferrizitrat = 2 : 0,r. : 0,i. 

In siimtlichen Versuchen wiirde die Askorbinsiiure vollstandig oxydiert. 




Xafrhnnsalizylat 

Sttlfanilamid 

Indol 


pH 

Wied. gef. 
Xatr. sal. 
(mg) 

rrocbv. A 
E 

Wied. gef. 
Sulf. 
(.mg) 

Urocbr. A 
E 

Wied. gef. 
Indol 

(mg) 

TJrochr. A 
E 

1 

b,i 

43,0 

0,13 

93,0 

0,43 


0,095 

2 

OjS 

43,7 

0,15 

93,0 

0,42 

2,7 

0,20 

3 

6,2 

41,5 

0,17 

100,8 

0,45 

1,9 

0,28 

4 

6,0 

43,0 

0,1G 

100,8 

0,48 

1.7 

0,32 

5 

7.0 

47,5 

0,10 

105,4 

0,49 

4,7 

0,075 

6 


52,8 

O.oc 

111,6 

0,26 

5,3 

0,075 

7 


05,0 

0,15 

124,0 

0,35 

11,2 

0,15 

8 


55,8 


120,9 

0,23 

5,2 

0,07 

Zusatz von 

yatrinmsalizylat 

Sulfanilamid 

Indol 



80 

mg 

172 

mg 

29,3 

mg 

Zngesetzte 

Askorbin- 

siiure 

176 

mg 

352 

mg 

176 

rag 

Zugesetzfes 

Ferrizitrat 

13,0 

mg 

13,0 

mg 

13,0 

mg 

Versnchs- 

zeit 

17 St<ln. 

20 Stdn. 

18,3 

Stdn. 

Maximale 

IJmwand- 

lung 

48,1 

45,9 

97,4 


sulfats, das niit Phosiiliatpuffer eine Fallimg ergibt, Ferrizitrat 
verwendet. Vergleichshalber ist die Einivirkung zwehvertigeii 
Eisens (Ferroclilorids) sowie aiisserdem, in Anbetracbt der stark 
katalysierenden Wirkimg von Knpfer auf die Oxydation von 
Askorbinsaure, die von Knpferazetat nntersucht worden. 

Die Versuclisergebnisse sind in Tabelle 37 39 wiedergegeben, 
eine Zusammenfassung der Ergebnisse bietet Tabelle 40. 
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TABELLE 37. 

Umwandlung von Natriumsalizylat, Siilfanilaniid und Indol durch 
Askorbinsmire. Einwirkung wechselnder Znsatze von Ferrizitrat. 
Kolbenversuche. Zusatz in samtlichen Versuchen: 176 mg Askorbin- 
saure. pH 5,8. 

In Versuch Nr. 6 ist das molare Konzentrationsverhaltnis Askorbinsiiure/ 
Natriumsalizylat/Ferrizitrat und Askorbinsilure/Sulfanilamid/Ferrizitrat = 
2:1; 0,1, das Verhaltnis AskorbinsSure/Indol/Ferrizitrat = 2 : 0,5 : 0,i. 

In samtlichen Versuchen wurde die AskorbinsSure vollstiindig oxydiert. 



Zuge- 

Natriumsalizylat 

Sulfanilamid 

Indol 

Nr. 

setzt. 

Ferrizi- 

trat 

(mg) 

Wied. gef. 
Natr. sal. 

(mg) 

Urochr. A 
E 

Wied. gef. 
Sulf. 
(mg) 

Uroclir. A 
E 

Wied. gef. 
Indol 
(mg) 

Urochr. A 
E 

1-2 

0 

59,5 

0,12 

62,1 

0,0 

10,9 

0,035 

3 

0,027 

61,7 

0,09 

61,2 

0,02 

8,2 

0,05 

4 

0,27 

62,9 

0,12 

56,1 

0,01 

4,8 

0,08 

5 

2,72 

49,7 

0,20 

46,6 

0,04 

2,7 

0,20 

6 

13,6 

43,7 

0,21 

43,0 

0,02 

1,0 

0,11 

7 

27,2 

41.4 

0,16 

39,0 

0,07 

0,6 

0,17 

8 

54,4 

39,9 

0,17 

39,0 

0,03 

1,6 

0,18 

Zusatz von 

Versuchs- 

Natriumsalizylat 
80 mg 

Sulfanilamid 

86 mg 

Indol 

29,3 mg 

zeit 

17 Stdn, 

17 Stdn. 

15,5 Stdn. 


Es zeigt sich, dass samtliche untersuchten Metallsalze die 
Umwandlung zyklischer Verbindungen durcb Askorbinsaure 
steigern. Die Versuche warden bei einem pH von 5,8 ausgefuhrt, 
ahnlicbe Ergebnisse warden aber auch bei einem pH von 7 gefun- 
den. Es zeigt sich jedocb auch, dass im Gegensatz zu den von 
Edlbacher und v. Segesser gemachten Feststellungen eine Um- 
wandlung der zyklischen Verbindungen auch ohne Zusatz eines 
katalytisch wirksamen Metalls stattfinden kann. In einem fruhe- 
ren Abschnitt ist gezeigt worden, dass man unter den gegebenen 
Bedingungen die zugesetzten Mengen Natriumsalizylat und Sul- 
fanilamid quantitativ wiederfindet, wenn keine Askorbinsaure 
im Umwandlungsversuch zugegen ist, weshalb es sich bier also 
um eine Askorbinsaurewirkung handeln muss. 
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TABELLE 38. 

Umwandlung von Nafriumsalizglat, Sttlfanilatnid und Indol durch Askorbin- 
sditre. Einmrkung wechselnder Znsdtzc von Ferrochlorid. 

Kolbenversuche. Zusatz in samtlichen Versuchen: 176 mg Askorbin- 
siiure. pH 5.8. 

In Yersuch Nr. 6 ist das molare Konzentrationsverhaltnis Askorbinsaure/ 
Natriunisalizylat/Ferrochlorid und Askorbinsiiure/Sulfanilamid/Ferrochlo- 
rid=2:l:0,i, das Verh.'iltnis Askorbinsnure/Indol/Ferrochlorid=2;0,5:0,i. 
In silmtliclien Versuchen wurde die Askorbinsiiure vollstiindig oxydiert. 


■ 

Zuge- 

Xatriumsalizylaf 

Sn}ftt7iUa)ni(l 

Jndol 

Nr. 

&(, 1 /* 

Ferro- 

chlorid 

(mg) 

Wied. get. 
Kntr. sal. 
(mg; 

Urocbr. A 
E 

Wied. gef. 

Sulf. 

■ (mg) 

Urochr. A 
E 

Wied. gef. 
Indol 
(mg) 

Urochr. A 
E 

iHjM 

0 

61,4 

0,1 

55,6 

0,01 

13,6 

0,085 

9 

0,0127 

58,7 

0,14 

57,1 

0,06 

9,8 

0,08 

9 

0,127 

61,0 

0,04 

52,8 

0,02 

9,7 

0,175 

9 

1,27 

55,0 

0,13 

46,7 

0,01 

4,7 

0,17 

9 

G.35 

54,2 

0,26 

49,1 


6,8 

0,10 

9 

12,7 

58,7 

0,12 

52,2 


6,6 

0,05 

9 

25,4 

62,5 

0,06 

49,1 


2,3 

0,155 

Zusatz von 

Natriumsalizylat 

Sulfanilamid 

Indol 



80 

mg 

86 

mg 

29,3 mg 

Versuchs- 

zeit 

17 Stdn. 

17 Stdn. 

16 Stdn. 


Bei Zusatz eines Katalysators maclite sich ein deutlicher Unter- 
schied zwischen dem mit den Benzolverbindungen, Natriumsali- 
zylat und Sulfanilamid, eraielten Ergebnis einerseits und dem 
mit Indol gewonnenen andererseits bemerkbar. Bei den Benzol- 
verbindiingen wurde mit Ferrizitrat eine weit stiirkere Wirkung 
als mit den iibrigen erzielt, wiilirend bei Indol alle gepiiiften 

Verbindungen dieselbe Wirkung batten. 

Bei Indol ist ausserdem die niedrigste molare Katalysator- 
konzentration, bei der eine optimale Wirkung beobachtet vir , 
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TA BELLE 39. 

Umwandlung von Nalrhansalizylai, Sulfanilamkl nnd Indol durch 
Askorbinsmtrc. Eimvirlcinig wechselmler Zusiitze von Kupferazetat. 

Kolbenversuclic. Zusatz in samtlichen Versuchen; 176 mg Askorbin- 



Natriunisalizylat/Kupfcrazctat und Askorbinsiiure/Sulfanilamid/Kupfer- 
azetat = 2:1; O.i, das Verhiiltnis Askorbinsilure/Indol/Kupferazetat = 
2 : 0,5 : 0,1. 

In samtlichen Versuchen wurde die Askorbinsiliire vollstiindig oxydiert. 



Zuge- 

Natriumsalizylat 

Sulfanilamid 

Jndol 

Nr. 

setzt. 

Kupf. 

azet. 

(mg) 

Wied. gef. 
Natr. sal. 
(mg) 

Urochr. A 
E 

Wied. gef. 
Sulf. 
(mg) 

Urochr. A 
E 

Wied. gef. 
Indol 

(mg) 

Urochr. A 
E 

H 

0 

61,4 

0,10 

62,1 

o)oi 

13,0 

0,083 


0,018 

64,7 

0,07 

61,8 

0,0 

6,4 

0,065 


0,18 

64,7 

0,06 

63,0 

0,03 

8,2 

0,08 


1,82 


0,16 

59,3 

0,01 

5,2 

0,25 


9,08 


0,19 

57,5 

0,04 

2,0 

0,24 


18,16 


0,27 

55,1 

0,08 


0,22 


36,32 


0,28 

55,1 

0,04 


0,24 

Zusatz von 

Versuchs- 

Natriumsalizylat 
80 mg 

Sulfanilamid 

86 nig 

Indol 

29,3 mg 

■ 

zeit 

17 Stdn. 

17 Stdn. 

16 Stdn. 


fiir alle Katalysatoren etAva dieselbe. Bei Natriumsalizylat 
dagegen sinlct diese Konzentration Avesentlich vom Ferrizitrat 
iiber Ferrochlorid bis zu einem sehr niedrigen Gehalt des 
Kupferazetats. 

Die Werte der Urochrom-A-Bildiing sind in der Ubersicht-s- 
tabelle nicht angegeben, docb zeigen die urspriinglichen Tabellen 
(37 39), dass im grossen ganzen eine maximale Farbstoffbil- 
dimg bei derselben Katalysatorkonzentration, die eine maximale 
UmwandUmg ergab, gefunden -mirde. 
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TABELLE 40. 

Ztisammenfassung der Ergebnisse von Tabelle 37—39. 

In dieser Tabelle ist fiir jeden gepruften Katalysator nnd jede gepriifte 
zyklische Verbindung angegeben: 

unter x>K» die Umwandlung der zyklischen Verbindung in den Kon- 
trollversuchen (also mit Askorbinsaure allein), ausgedriickt in Prozenf. 
der zugesetzten Menge, 

unter »+Fo», j>+Fe». »+Kn» die maximalc Umwandlung der zykli- 
schen Verbindung, ausgedruckt in Prozent der zugesetzten Jlenge, faei 
Zusatz cines Katnlj'sators, 

unter >Ask/Fe», >Ask/Fe>, sAsk/Ku'!- das molare Konzentrationsver- 
lialtnis Askorbinsaure/Katalysator in dem Versuch, in welcliem maximale 
Umwandlung der zyklischen Verbindung gefunden wurde. 



Ferrizitrat. 

Ferrochlorid 

Kupferazetat 


K 

-fFe 

Ask/Fe 

D 

+ Fe 

Ask/Fe 

K 

Ku 

Ask/Ku 

Natriumsali- 

zylat 

25, G 

51,1 

2/0,4 

23,2 

32,2 

2/0,1 

23,2 

27,5 

2/0,02 

Sulfanilainid 

27,8 

54,7 

2/0,2 

35,3 

45,7 

2/0,02 

27,8 

35,9 

2/0,2 

Indol 

62,8 

97,9 

2/0,2 

53,6 

92,2 

2/0,4 

53,7 

95,2 

2/0,4 


4. Die Oxydation von Askorbiasihire, die Uiinvandlung der 
aromatischen Yerbiiidung mid die Farbstoffbildiuig ini 
Yerliiiltnis zum Faktor der Zeit. 

Fiir diese Versuche ist das Indol weniger geeignet, da bei der 
langen Dauer der Versuche die Fliichtigkeit des Indols allzu 
grosser! Einfluss auf das Ergebnis haben dilrfte. 

Wie aus Abb. 8 (Kolbenversuch mit Natriumsalizylat) hervor- 
geht, findet zuerst eine reversible Oxydation der Askorbinsaure 
statt, auf die jedocli fast unmittelbar eine irreversible Oxydation 
folgt. Daran schliesst sich eine Umwandlung der zyklischen Ver- 
bindung an, die, wenn alle Askorbinsaure irreversibel oxydieit 
ist, etwa nur zur Hillfte vollendet ist. Zuletzt tritt eine Faibstoff- 
bildung ein, die, wenn alle Askorbinsaure irreversibel oxydiert 
ist, erst etwa ein Drittel ihres Endwertes erreicht hat und die 
noch andauert, nachdem die Umwandlung der zyklischen er 
bindung ihr Maximum erreicht hat. 
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Abb. 8. Das VerMltnis zwischen der Oxydation von Askorbinsiiure, der 
Umwandlnug von Natrhmsalizylat, der TJrochrom-A-Bildung und der 

Versiichszeit. 

Kolbenversuche. Zugesetzt: 176 mg Askorbinsiiure, 80 mg Natriumsali- 
zylat, 13,6 mg Ferrizitrat. pH 5,8. 

Kurve I Askorbinsaurebestimmung ohne, Kurv'e II mit HsS-Behandlung. 
Das molare Konzentrationsverhaltnis Askorbinsaure/Natriumsaliz 3 lat/ 
Ferrizitrat = 2:1: 0,i. 


Alinlich war das Ergebnis bei einem Schalenversucli mit Sul- 
fanilamid (Abb. 9). Wahrscheinlich weil die Sauers toffzufubr bei 
diesen Versuchen weniger effektiv ist, vollzieht sich die Oxyda- 
tion der Askorbinsaure langsamer, und samtliche Teilreaktionen 
werlaufen paralleler. 

In beiden Versuchen iiber die zeitliche Folge ist die Askorbin- 
saure nach Tillmans (siehe S. 78) mit und ohne Vorbehandlung 
mit Schwefelwasserstoff bestimmt worden. Die nach Vorbehand- 
lung mit Schwefelwasserstoff gemachten Bestimmungen zeigen, 
dass auch nach beendigtem Versuch noch eine gewisse Menge 
der reduzierenden Verbindung iibrig ist. (In Abb. 8 und 9 treffen 
die beiden Askorbinsatirekuiwen einander nie.) Aus ahnlichen 
Versuchen mit Bestimmung nach Tauber (siehe S. 78) geht indes- 
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Abb. 9. Das Verhiiltnis zwischen der Oxydation der Askorbinsaure, der 
Umwandhmg von Sidfanilamid, der Total-Farbsfoffbildung und 

der Versucliszeit. 

Schalenversucho. Zugesetzt; 4 mg Siilfanilamid. 24 mg Askotbinsaure, 
1,30 mg Ferrizitrat, 10 com Phosphatpuffer. pH 5,8. Gesamtvolumen 20 ccm. 

Kun-e ni AskorbinsiUirebestimmung ohne, Kiin'c IV mit HsS-Be- 
handlung. 

Die Zahlenwerte der Ordinate mit 10 multipliziert geben »Oxydierte 
Askorbinsaure^ in mg, mit 10 dividiert die E.xtinktionswerte der »TotaI- 
farbstoffbildung* an. 

sen liervor, dass es sicli bei der fraglichen Verbindung nicht um 
restliche, nicht oxydierte Askorbinsaure, sondern wahrscheinlich 
um Urochrom A handelt. 

5. Heramung der Uimvandlung einer zyklischen Yerbindimg 
durch Askorbinsaure bei Zufubr einer anderen zyklischen 
Yerbindung (jKonkurrenzversuche>0* 

Die Voraussetzung dafiir, dass ein Konkurrenzvei such mit 
zwei zyklischen Yerbindungen angestellt werden kann, dii te 
sein, dass beide wahrend des Versuchs nur durch einen Faktor 
beeinflusst werden, namlich die Umwandlung durch Askor m 
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saure. Man muss sie also in den Kontrollversuchen ohne Zusatz 
von Askorbinsaure quantitativ wiederfinden. 

Diese Yoraussetzung ist bei Natriumsalizylat und Sulfanilamid 
gegeben. Ein Konkurrenzversuch mit diesen beiden Yerl)in- 
dungen wurde folgendermassen durchgefiilirt: teils wurde die 
Einwirkung der Zufulir von Natriumsalizylat auf eine Versuchs- 
reihc mit konstantem Sulfanilamidziisatz untersucht, teils umge- 
kebrt die Einwirkung von Sulfanilamid auf eine Versuchsreihe 
mit konstantem Natriumsalizylatzusatz. In siimtlichen Fallen 
vuirden Sulfanilamid- wie Salizylsaurebestimmungen gemacht. 

Wie aus Tabelle 41 hervorgeht, zeigt es sich, dass in erster 
Linie das Sulfanilamid umgewandelt wird, danach die Salizyl- 
saure. Dies aussert sich auf zweierlei Weise; erstens ist die Hem- 
mung der -Sulfanilamidumwandlung bei Zusatz von Salizylsaure 
geringer als die Hemmung der Salizylsiiureumwandlung durch 
Sulfanilamid. (Siehe die Spalte »Umgewandelte Mengen in % des 
Ergebnisses der Kontrolle».) Zweitens findet man eine starkere 
TJmwandlung der zur Hemmung der Salizylsiiureumwandlung 
zugesetzten Sulfanilamidmengen als der Salizylslluremengen, die 
zur Hemmung der Sulfanilamidumwandlung eingesetzt wurden. 
(Siehe die Spalte Umgewandelte Mengen in % der zugesetzten 
Menge».) 

Die Erklarung dafur, dass die Umwandlung einer zyklischen 
Verbindung durch die Anwesenheit einer zweiten gehemmt w’er- 
den kann, ist selbstverstandlich die, dass beide durch Askorbin- 
saure umgewandelt werden konnen und dass bei einem bestimm- 
ten Askorbinsaurezusatz nur eine bestimmte Gesamtwandlung 
zyklischer Verbindungen stattfinden kann. In welchem A^erhlilt- 
nis die beiden Yerbindungen an der Gesamtwandlung beteiligt 
sind, muss an einer wechselnden Affinitlit zum Umwandlungs- 
prozess liegen. 

In Ubereinstimmung mit dem in Tabelle 35 (S. 98) wiederge- 
gebenen Ergebnis, wonach in einer Yersuchsreihe mit gleich- 
bleibendem Askorbinsaurezusatz, doch steigendem Zusatz von 
Natriumsalizylat in gewissen Grenzen eine Steigerung der 
Gesamtmenge der umgewandelten zyklischen Yerbindung ein- 
trat, wurde ein ahnliches Resultat hier erhalten. In beiden Fallen 
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TABELLE 41. 

Umtcandhing von Natrinnisalizylat und Sulfanilamid dnrch Askorbin- 
satire. ( sKonkurrenzversuch^.) 

Kolbenversuche. Zusatz in samtlichen Versuchen: 176 mg Askorbin- 
siiuie, 13,cmg Ferrizitrat. Versnchszeit 17 Stdn. pH 5,8. 

In den Versuchen 4 und 9 ist das molare Konzentrationsverhaltnis 
Askorbinsaure/Sulfanilamid/NatriumsalizylatyFerrizitrat == 2 : 1 : 1 : 0 .i 
(N.-s. = Natriumsaliz 3 dat; Sulf. = Sulfanilamid; K = KontroIIversuch.) 
In samtlichen Versuchen ■\vurde die Askorbinsaure vollstiindig cxj^diert. 


Nr. 

Zuge- 

setztes 

Ilmgewandelt. 

Umgewandelte 
Mengen in 
des Ergebn. 
der Kon troll e 

Umgewandelte 
Mengen in 
der zugesetzten 
Menge 

Uro- 

chrom-A 

E 


ngj 

Sulf. 

(mg) 

N.-s. 

(mg) 

Sulf. 

(nig) 

Bl 

Sulf. 

N.-s. 

Sulf. 

1-2 

(K) 

1 

86 


39,3 




45,7 

0,00 

3 


88 

11,0 

27,4 


69,7 

27,5 


0,18 

4 

■1 

86 

20,7 

26,7 


67,9 

25,9 


0,27 

5 

160 

86 

39,7 

23,5 


59,8 

24,8 


0,49 

6-7 

(K) 

80 


36,1 


(100) 


45,1 


0,18 

8 

80 

43 

27,2 

19,8 

75,3 



46,0 

0,27 

9 

80 

86 

17,0 

29,3 

47,1 



34,1 

0,37 


80 

172 

9,9 

49,0 

27,4 



28,8 

0,33 


ist ferner eine vermehite Urochrom-A-Bildimg mit steigendem 
Zusatz der zjdclischen Verb indung zu verzeichnen. 

Weitere Beispiele einer Hemmung der Umwandlung bieten die 
Tabellen 42 — 43: die Umwandlung von Indol kann durch Zusatz 
von Salizylsaure, die Umwandlung von Salizylsaure durch Zusatz 
von Indol gehemmt werden. 

Um einen Vergleich mit gewissen Versuchen in vivo (S. 135) 
zu ermoglichen, ist ausserdem ein Versuch angegeben, in wel- 
chem gezeigt wird, dass die Umwandlung von Histidin durch 
Zusatz von Phenol gehemmt werden kann (Tab. 44). 
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TABELLE 42. 

Vmwandhing von Natriumsalizylat durch Askorbinsaure. Ehiwirkung bei 
Zusatz wechselnder Indolmengen. 

Kolbenversuche. Zusatz in silmtlichen Versuchen: 176 mg Askorbin- 
saure, 80 mg Natriumsalizylat, 13,6 mg Ferrizitrat. Versuchszeit 17 Stdn. 
pH 5,8. 

In Versuch Nr. 5 ist das molare Konzentrationsverhaitnis Askorbin- 
silure/Natriumsalizylat/Indol/Ferrizitrat = 2:1:1: 0,1.. 

In samtlichen Versuchen wurde die Askorbinsaure vollstilndig oxydiert. 


Nr. 

Zugesetztes 
Indol (mg) 

■\Viedergefimdenes 
Natr.-sal. (mg) 

Urochrom-A 

E 

1-2 

0 

42,2 

0,23 

3 

14,65 

45,2 

0,19 

4 

29,3 

58,8 

0,21 

0 

58,6 

61,1 

0,26 

6 

117,2 

64,8 

0,37 


TABELLE 43. 

Vmwandlung von Indol durch Askorbinsaure. Eimcirkung durch Zusatz 

von Natriumsalizylat. 

Kolbenversuche. Zusatz in samtlichen Versuchen: 176 mg Askorbin- 
saure, 13.0 mg Ferrizitrat. Versuchszeit 18,5 Stdn. pH 5,8. 

In Versuch Nr. 4 tst das molare Konzentrationsverhaitnis Askorbin- 
saure/Natriumsalizylat/Ferrizitrat = 2 : 0,5 : 0,5 : 0,i. 

Die Askorbinsaure vrarde in samtlichen Versuchen vollstandig oxydiert. 


Nr. 

Zugesetzt (mg) 

Wiedergefundeii (mg) 

TJrochrom-.4 

E 

Indol 

Natr.-sal. 

Indol 

Natr.-sal. 

1 

29,3 

10 

2,0 

4,3 

0,08 

2 

29,3 

20 

2,9 

9,2 

0,34 

3 

29,3 

30 

4,1 

15,9 

0,27 

4 

29,3 

40 

4,8 

20,7 

0,24 

5 

29,3 

80 

G.l 

47,2 

0,42 

6 

29,3 


1,9 


0,15 

7 

29,3 


1,8 


0,12 

8 


40 


23,1 

0,22 

I ' 


40 


23,1 

0,22 














ZYKLISCIIE VERBIN'DUNGEK UND VITAMIN C 


111 


TABELLE 44. 

Umivandlung von Hisiidin durch Askorbinsdure. Einwirktmg durck 

Ztisafz von Phenol. 

Kolbenversuchc. Zusatz in sSmtlichen Versuchen; 17Gmg Askorbin- 
sUure, 209,5 mg Histidin, 27,2 mg Ferrizitrat. Versuchszeit 20 Stdn. pH 5,8. 

In Versuch Nr. 4 ist das molarc Konzentrationsverbaltnis Askorbin- 
silure /Histidin /Pliconol/Ferrizitrat = 1 : 1 ; 1 : 0,2 


Kr. 

Zegesetztes 
Phenol (mg) 

Wiedergefundenes 
Histidin (mg) 

IJrochrom-A 

E 

J— 2 


33,0 

0,93 

3 

18,8 

44,9 

0,96 

4 

94,0 

68,C 

0,95 

5 

188,0 

73,9 

0,80 


6. Die UniM niidlung eincr zyklisclien Yerbintluiig (lurch Askor- 
binRiinrc liisst sich durch ge^ isse Hormone mit 
zyklischcr Konstitution hceinllusscn. 

Im vorigen Alischnitt vMirde gezeigt^ dass die Umwandlung 
eincr zyklischen Ycrbindung durch Askorbinsaure von einer 
anderen zyklischen Yerbindung beeinflusst. (gehemmt) werden 
kann, was daran liegt, dass beide umgewandelt werden. Die 
Gesamtmenge umgewandelter zyklischcr Yerbindung durfte also 
am ehesten etwas grosser sein, wie z. B. die gesteigerte Farb- 
stoffbildung erkennen liisst. 

Yon mehreren zyklischen Yerbindungen mit hohem physiolo- 
gischem Interesse, vor allem gewissen Hormonen, nimmt man an, 
sic stiinden in einem Gegensatzverhilltnis zum Yitamin C (s. 
Kap. I). Es erschien duller wiinschenswert, die Einwirkung sol- 
dier Yerbindungen auf die Umwandlung einer anderen Z3ddischen 
Yerbindung durch Askorbinsaure zu untersuchen. Es liesse sich 
denken, dass eine etwaige Hemmung durch ein solches Honnon 
analog den vorerwahnten Ergebnissen andeuten wiirde, dass eine 
Umwandlung auch des Hormons stattgefunden hiitte. Im gleichen 
Sinne wiirde selbstvenstiindlich eine Steigerung der Farbstoff- 
bildung sprechen. 












112 


BIRGER EKMAN 


TABELLE 45. 

Vjnieandlung von Sulfanilamid durch Askorbinsuure. Einwirkung durck 
Zusatz von Ostron und Cyren B (Bayer). 

Kolbenversuche. Zusatz in samtlichen Versuchen: 176 mg Askorbin- 
sUure, 43 mg Sulfanilamid, 6,8 mg Ferrizitrat und 20 ccm 96% Alkohol. 
Versuchszeit 17 Stdn. pH 5,8. 

In samtlichen Versuchen ist das molare Konzontrationsverhkltnis 

Askorbinsaure/Sulfanilamid/Ferrizitrat == 2 : 0,5 : 0,05. 

In samtlichen Versuchen 5vurde die Askorbinsaure vollstiindig oxydiert. 
Die Hormonpraparate wurden in Alkohol gelost. 


Nr. 

Zugesetztes 
Hormon (nig) 

Oxydiertes 
Siilf.-am. (mg) 

Oxydiertes 
Sulf.-am. in % 
der Kontrolle 

1 -2 (K) 


14,3 

(100) 


Ostron 



3 

2 

3,7 

25,9 

4 

10 

8,9 

62,2 


Cyren 



5 

2 

3,7 

25,9 

6 

10 

5,0 

35,0 


TABELLE 46. 

Umtcandlung von Natrhmsalizylat dutch Askorbinsaure. Eimcirkung 
durch Zusatz wechselnder Mengen Prolan (Bayer). 
Kolbenversuche. Zusatz in samtlichen Versuchen: 176 mg Askorbin- 
saure, 80 mg Katriumsaliz 3 dat, 13,6 mg Ferrizitrat. Versuchszeit 17 Stdn. 
pH 5,8. 


Das molare Konzentrationsverhiiltnis: Askorbinsaure/Natriumsalizylat/ 
Ferrizitrat = 2:1: 0,i. 

In samtlichen Versuchen wurde die Askorbinsaure vollstiindig oxydiert. 


Nr. 

Zugesetztes 
Prolan (mg) 

Wiedergefundenes 
Natr.-sal. (mg) 

Urochrom-A 

E 

1—2 

0 

41,1 

0,48 

3 

20 

41,5 

0,55 

4 

40 

36,9 

0,49 

5 

80 

42,2 

0,56 

G 

115 

30,9 

0,40 
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TABELLE 47. 

Umirandlmig von Sulfanilainid dutch Ashorbinsdure. Einvnrkung des 
Zusaizes -ircchseludcr Mengen Prolan (Bayer). 

Kolbenversuchc. Zusatz in siimtlichen Versuchen: 176 mg Askorbin- 
sUure. 86 mg Sulfanilamiti, 13, c rag Ferrizitrat. Versuchszeit 17 Stan. pH 5,8. 

In siimtlichen Verenchen ist das molare Konzentrationsverhaitnis 
Askorbinsiiure/Sulfanilamid/Fcrrizitrat = 2 : 1 : 0,i. 

In siimtlichen Versuchen wurde die Askorbinsiiure vollstlindig oxydiert. 


^■r. 

Zngcsetztcs 
Prolan (mg) 

Wiedergefundenes 
Sulf. (mg) 

Urochrom-A 

E 

1 

0 

52,2 

0 

2 

10 

49,0 

0 

3 

20 

47,7 

0,0j 

4 

40 

47,0 

0 

r> 

SO 

41,2 

0 

6 

160 

39,0 

0 


TABELLE 48. 

XJtnxcandluug von Indol dttrcli Askorbinsaurc. EitmirJiung dutch Zusatz 
trcch.’tcliider Mcngcn Prolan (Bayer). 

Kolbenversuche, Zusatz in siimtlichen Versuchen: 176 mg Askorbin- 
sliure, 2i>,3 rag Indol, 13.« mg Fcrrizitrat. Versuchszeit 17 Stdn. pH 5,8. 

Das molare Konzentrationsverhilltnis Askorbinsiiure/Indol/Ferrizitrat 
ist in siimtlichen Versuchen 2 : 0,5 : 0.i. 

In siimtlichen Versuchen wurde die Askorbinsiiure vollstandig oxydiert. 


Kr. 

- 

Zugesetztes 
Prolan (mg) 

AViedergefundenes 
Indol (mg) 

Urochrom-A 

E 

1 2 

0 

1,4 

0,045 

3 

r> 

1,0 

0,05 

4 

20 

0,8 

0,09 

r> 

40 

2,5 

0,10 

6 

SO . 

1.0 

0,14 
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TABELLE 49. 

Umicandhing von Sulfanilamid durch Askorbinsaure. Einwirkung durch 

Zusatz von Thyroxin. 

Schalenversuche. Zusatz in samtlichen Versuchen: 7,04 mg Askorbin- 
sUure, 1,72 mg Sulfanilamid, 0,i3Gmg Ferrizitrat. Versuchszeit 7 Stdn. pH 
5,8. Gesamtvolumen 16ccm. 

In alien Versuchen ist das molare Konzentrationsverhaltnis Askorhin- 
siiure/Sulfanilamid/Ferrizitrat = 8 : 2 : 0,i. 


B 

Zugesetztes 
Thyroxin in mg 

Umgewandeltes 
Sulfanilamid 
in mg 

Umgewandeltes 
Sulfanilamid in % 
der Kontrolle 

1-2 (K) 


0,57 

(100) 

3 

0,5 

0,39 

68,4 

4 

0,1 

0,60 

105,3 


Untersucht wuvden hier Prolan, Ostron, Cyren B und Thyroxin 
(Ergebnisse in Tab. 45 — 49). 

Da die Beschaffung geniigender Hormonmengen Scbwierig- 
keiten bereitete, sind diese Versuche im allgemeinen mit so klei- 
nen Mengen der reagierenden Stoffe ausgefUhrt worden, dass 
Urochrom-A-Bestimmungen unmdglich waren. 

Vom Prolan abgesehen, ist in sSmtlichen Fallen eine Hemmung 
des Sulfanilamidabbaus beobachtet worden, und diese Hemmung 
trat oft auch bei im Vergleich zum Sulfanilamidzusatz niedrigen 
Hormonkonzentrationen in Erscheinung. Dies gilt vor allem fur 
Ostron und Cyren. Prolan iibt im allgemeinen keine Einwirkung 
aus, doch konnte in den hdchsten Konzentrationen statt dessen 
eine Steigerung der Salizylsaure- und Sulfanilamidumwandlung 
beobachtet werden. 


7. Die Umwandlung einer zyklisclien Terhindung durch Askor- 
hinsiiure kann auch hei sehr niedrigen Konzentrationen 
der reagierenden Stoffe stattfinden. 

In den geschilderten Versuchen in vitro habe ich im allge- 
meinen mit so hohen Konzentrationen der reagierenden Stoffe 
gearbeitec, wie sie im lebenden Organismus nicht vorkommen 
konnen. Die Konzentrationen der zyklischen Verbindung waren 
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TABELLE 50. 

VmiramUmg rincr aromafischa, Verbmduug (lurch Askorbinsmire kann 
mich bri schr sclnmdicr Konzcutrafiou dcr rpugicrenden Verbindungen 

cinfrcicn. 

SdiaIetivor.<uchc. VerPucliszdt 24 Skin. pH 5.S. Katalysator; Ferrizitrat. 

Fiir joden Yeri^ucli ist oin Kontrollvorisiich mil Sulfanilainid iind Ferri- 
rJtrat allpin frcmadif wordt-n. 

Da.*; inolaro KonzcntrationsvcrIi.*tUnis(Askorbinsaure)/SiiIfanilamid/ 

Ferrizitrat ist in alien Vcri^uclion (8 :)2 : 0.i. 


i Nr. 


0 

3 

4 

i) 

^tilkanilamid in 

11, J 

■1 

2,28 

1,H 

0,57 

Ackorbinulitirc in mg 

•17.0 

■a 

m 

4,r 

2,35 

Omwandlvjtig von .Sulfanil.'imid 
in do.*: Krgobnis'.^PH dcr 

Konlrollc 

•18,8 

•t‘1,0 

50,0 

56,7 

47,4 


111011511.111.*: ctwa 100 — 200 die der Apkorbinsiiure etwa 

300— 500 inir?,;. 

Wit* an? cinoni Sclialcnver.<nch ('Pab. 50) mit Sulfanilamid 
hfrvorgelit, kann man inde?.?cn nocb bei eincr Askorbinsiiure- 
konzontration von 2.;c. mtjfr/ nnd oiner Sulfanilnmidkonzentration 
von mg% die.*:!’]!)!? prozentuale l-mwandhing des Snlfanila- 
mid? bcobachton win bei den hOlicrcn Konzentrationen mit glei- 
chcr Yer.sucli.^anlage. Die Ergebnissc sfimmen ausserdem gut 
mil den in den Kolbenvensnchen erzielten iibereiii. 

Allen Anzeiclien nach iviirden ahnliche Re.sultate aucli bei 
nocli ?elnviic*heren Konzentrationen erhalten iverden. Das ange- 
wandte A'erfahren ist jedocli fiir Be.stimmungen in so stark ver- 
diinnten Ver.'^uclislosungcn ungeeignet. 

Die sclnvlichste bier untcr.suchte Konzentration ist dieselbe, 
die untor phy.siologi.sclicn Bedingungen vorkommen kann, jau 
fitr die Muglichkeitcn, die In-vitro-Versuche in vivo zu wieder- 
liolen. von we.sentliclicr Bedeutung ist. 
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Zusammcnfassung der Yersuclisergelinisse. 

Im wesentlichen diirften die Versuche in vitro Folgendes 
erbracht haben: 

1. In Anwesenheit von Askorbinsaure im molaren Uberschuss 
erfolgt eine maximale Umwandlung einer bestimmten Menge 
zyklischer Verbindung. Fiir maximale Ausniitzung einer be- 
stimmten Askorbinsauremenge bedarf es einer wenigstens gleich- 
molaren Konzentration der zyklischen Verbindung. 

1st die Askorbinsaurekonzentration so gross, dass die Askor- 
binsaure im Laufe des Versuchs nicht oxydiert >vird, so tritt eine 
Hemmung der Umwandlung und der totalen Farbstoffbildung 
ein. Die Bildung von Urochrom A dagegen wird nicbt gehemmt. 

Die Oxydation der Askorbinsaure verlauft unverandert schnell, 
mag nun eine zyklische Verbindung (Sulfanilamid) anwesend 
sein Oder nicht. 

Die Umwandlung ist keine Koppelungsreaktion. 

Die Umwandlung erfolgt nur bei Anwesenheit von Sauerstoff. 

2. Schwankungen des pH-Wertes haben keinen grbsseren 
Einfluss auf die Umwandlung. Ein Optimum der Umwandlung 
war bei pH 5,4 — 5,8 festzustellen, ein solches der Urochrom-A- 
Bildung etwa bei pH 6,o. 

3. Durch Zusatz von Ferrizitrat, in geringerem Grade auch 
von Ferrochlorid und Kupferazetat, lasst sicli die Umwandlung 
steigern. (Betreffs des Indols erwiesen sich jedoch alle Kata- 
lysatoren gleich wirksam.) 

4. Der Verlauf der Umwandlung ist folgender: zunachst fin- 
det eine reversible und fast unmittelbar darauf eine irreversible 
Oxydation der Askorbinsaure statt, danach eine Umwandlung 
der zyklischen Verbindung, sowie schliesslich eine Farbstoff- 
bildung. 

5. Die Umwandlung einer zyklischen V erbindung kann durch 
Zusatz einer anderen gehemmt werden. Zwar werden beide 
umgewandelt, doch tritt eine wechselnd starke Affinitat der ein- 
zelnen Verbindungen zum Umwandlungsprozess in Erscheinung. 

6. Eine Hemmung der Umwandlung von Sulfanilamid kann 
durch Cyren B, Ostron und Thyroxin bewirkt Averden, Aviihrend 
Prolan die UmAV'andlung eher verstarkt. 
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7. Die Siilfanilamiduniwandlung bleibt sicli prozentual gleich 
in Koiizentrationen, die unter pliysiologisclien Verhaltnissen vor- 
kommen kdnnen, wie bei den Koiizentrationen, mit denen ge- 
wohnlicli in den iibrigen Versuchen in vitro gearbeitet wurde. 

8. In siiint.licben Fallen konnte festgestellt werden, dass mit 
der Umwandlung eine Bildung von Urochrom A erfolgte, die aber 
nicbt in absoluter Proportionalitat zur Umwandlung stand. Das 
Urochrom A liess sicli aus den Versuchslosimgen isolieren. 


licsprcclmng der Bcfnndc. 

Die in der Ziisammenfassung aiifgefuhrten Ergebnisse gelten 
fiir Yersuclie mit Salizylsiiiire, Sulfanilamid und Indol. Von der 
Einwirknng der nntersnchten Katalysatoren abgesehen, sind 
gleichsinnige Ergebnisse mit samtlichen untersuchten zyklischen 
Verbindnngen erzielt vorden, weshalb man annehmen diirfte, 
dass der Umwandlung in alien diesen Fallen ein imd derselbe 
chemische Vorgang zugninde liegt. 

In der SclirifttnmsUbersicht (S. 24 — 20 und 33 — 34) wufden 
mehrere Untersuchnngen angefiihrt, zii denen die bier vorge- 
legten Parallelen darstellen. In erster Linie seien genannt die 
Untersnchungen von Edlbacher nnd v. Segesser, Abderhalden, 
Holtz sowie von Leibowitz und Guggenheimer. Ich liabe sowohl 
in den Kolbenversuchen nach Edlbaciier nnd v. Segesser als in 
den Schalenversuchen nach dem Yerfahren der iibrigen Autoren 
einheitliche Ergebnisse erzielt. 

Diese Ergebnisse stiinmen ini grossen ganzen mit deP von den 
vorgenannten Autoren gewonnenen iiberein. Eine Farbstoffbil- 
dung, die also hier als eine Urochrom-A-Bildung angesehen vird, 
fanden Edlbacher und Holtz bei Histidinversuchen, ABDERmvLDEN 
bei Yersuchen mit Histidin, Thyrosin, Phenylalanin und Tryp- 
tophan, in geringerem Grade jcdoch nur mit aliphatischeni^ino- 
sauren. Gemeinsam ist ferner die Feststellung, dass fiir die Um- 
wandlung Sauerstoffzufulir eine Yoraussetzung ist. 

In den zitierten Arlieiten vnrde die Umwandlung dadm-c 
enviesen, dass eine Desarainieruug der untersuchten Amino 
siiuren beobachtet ivurde, Oder dadurcli, dass eine Entgiftung 
des Phenols festzustellen war. Hier ist die Umwandlung je oc 
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durch quantitative Bestimmung der untersuchten Stoffe nacli- 
gewiesen worden, wodurch gezeigt werden konnte, dass die 
Konzentration der fragliclien Stoffe mit fortschreitendem 
such abnahm. Von wesentlicher Bedeutung scheinen friihere 
Untersuchungen (Ekmaii 1942) zu sein, bei denen die Umwand- 
lung des Histidins und Tryptophans teils aus der beobachteten 
Desaminierung errechnet, teils direkt durch quantitative Bestim- 
mung der beiden Aminosauren dargetan wurde. Es zeigte sich 
dabei, dass naeh der Desaminierung zu urteilen nur 15—20 % 
des Histidins und etwa 20 % des Tryptophans umgewandelt 
worden waren, wahrend die quantitative Bestimmung sowohl 
betreffs des Tryptophans als auch des Histidins ergab, dass 
tatsachlich 80 % umgewandelt waren. Die quantitativen Be- 
stimmungsmethoden griindeten sich in beiden Fallen auf Farb- 
reaktionen des Imidazol- bzw. Indolringes, weshalb man also 
vermuten dtirfte, dass die Umiyandlung auch andere Veriin- 
derungen als eine Desaminierung einschliesst. Dies ist wichtig, 
da die Untersuchungen hier auf zyklische Verbindungen aus- 
gedehnt worden sind, bei denen eine Desaminierung nicht in 
Frage kommen kann, wobei es aber den Anschein hat, als ob 
trotzdem ein und dieselbe chemische Reaktion der Umwandlung 
zugrimde lage. 

Edlbacher fand keine Desaminierung durch Askorbinsaure 
allein, s'ondern hielt die Anwesenheit von Eisen fUr notwendig. 
Sowohl Abderhalden als Holtz beobachteten indessen ebenso 
wie ich eine Umwandlung auch mit Askorbinsaure allein. 
(In meinen Versuchen konnte keine katalytische Wirkung der 
zugesetzten Metalle beobachtet werden, ehe eine gewisse, nicht 
zu kleine Konzentration erreicht worden war. Dies scheint so 
gedeutet werden zu kdnnen, dass die Umwandlung nicht durch 
Spuren von Kupfer oder Eisen der Versuchsldsungen katalysiert 
worden ist, aber die Mbglichkeit bleibt natiirlich, dass der 
Verlauf durch Spuren anderer schwerer Metalle katalysiert 
worden ist. Eine Schwermetallkatalyse scheint durch Zusatz von 
z. B. Gelatina oder Diathyidithiocarbamid ausgeschaltet werden 
zu kdnnen und- fortgesetzte Untersuchungen diirften dieses Pro- 
blem Idsen kdnnen.) 

Edlbacher fand teils, dass das optimale pH fur die Histidin- 
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iimwandluiig 7,o sei, wahrend das Optimum fur die von mir 
untersuchten Verbindungen bei 5 , 4 — 5,8 lag, teils beobachtete er 
eine bodoutend starkere Einwirkung von pH-Schwankungen, als 
ich sie babe feststelen konnen. Dies diirfte darauf zuriick- 
zufiibren sein, dass eine Aminosaure abhangiger vom pH ist als 
z. B. Sulfanilamid. 

Die Durcbfiilirung der Schalenversuche ist der Versuchsein^ 
richtung vergleichbar, die bei dem Nachweis einer Entgiftung 
verschiedener Toxine oder z. B. von Salvarsan durch Askorbin- 
eaure angewandt worden ist. Man diirfte annehmen konnen, dass 
es derselbe chemische Ablauf ist, der hier studiert wird. So fan- 
den JuNGEBLUT und ZwEMER (S. 32), dass es fiir eine Entgiftung 
einer bestimmten Menge Diphtherietoxin eine optimale Askorbin- 
saurekonzentration gibt. Sowobl bei zu grossen als auch bei zu 
kleinen Askorbinsauremengen trat eine Hemmung ein. Ferner 
lassen sich Sigal und Kings (S. 32) negative Ergebnisse bei 
dem Versuch, Diphtherietoxin zu entgiften, hier anfiihren. Nach 
meinen Versuchen ist die Voraussetzung fiir eine Umwandlung, 
dass die Askorbinsaure oxydiert wird, was nach den genannten 
Autoren in ihren Versuchen nicht stattfand. 

In der einschlagigen Literatur finden sich Angaben iiber einen 
Antagonismus zwischen gewissen Geschlechtshormonen sowie 
Thyroxin und Askorbinsaure in vivo. Hier ist in vitro gezeigt 
worden, dass die Umwandlung des Sulfanilamids durch Askor- 
binsaure gehemmt wird, wenn man Ostron, Cyren B und Thyroxin 
zusetzt. Analog zu den Konkurrenzversuchen, in denen gezeigt 
wurde, dass mehr als eine zyklische Verbindung zugleich durch 
Askorbinsaure umgewandelt werden kann, diirfte es wahrschein- 
lich sein, dass die untersuchten Hormone ebenfalls von der 
Askorbinsaure angegriffen worden sind. Es wiirde sich damit 
die friiher gemaehte Annahme (S. 42) bestatigen, dass die Heni- 
mung einer Hormonwirkung durch Askorbinsaure in einem In- 
vivo-Versuch darauf beruhen kann, dass das Hormon eine Um- 
wandlung erfahren hat. 

Es sei daran erinnert, dass der Antagonismus zwischen Sexual- 
hormonen und Askorbinsaure auch durch den auf S. 91 refe 
rierten Befund, dass Ratten wakrend der Brunst eine erhohte 
Ausscheidung von Histidin und Indoxylschwefelsaure zeigen. 
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demonstrierfc wird. Dass die Askorbinsaure an diesem Vorgang 
beteiligt ist, scheint durch Pillays (s. S. 31) Beobachtung, dass 
wabrend der Ovolution Frauen eine verminderte Askorbinsbure- 
ausscheidung aufweisen, bestatigt zu werden. 

In eigenen friiheren Versuchen (Ekman 1942) ist gezeigt wor- 
den, dass die Desaminierung von Histidin durch Askorbinsaure 
mittels eines Zusatzes von Prolan gehemmt werden konnte, und 
es wurde auf die Ubereinstimmung dieses Befundes mit der 
gesteigerten Histidinausscheidung im Ham bei der erhohten 
Prolanproduktion der Schwangeren hingewiesen. Man kbnnte 
erwarten, dass sich eine solche Hemmung durch das Prolan auch 
bei der Umwandlung anderer zyklischer Verbindungen durch 
Askorbinsaure nachweisen lassen miisste. Das war indessen 
nicht der Fall, vielmehr trat bei Zusatz grosser Mengen Prolan 
eine verstarkte Umwandlung ein. Die bisher ausgefiihrten Ver- 
suche vermogen keine Erklarung fiir diese widersprechenden 
Resultate zu geben. 

In der Schrifttumstibersicht wurden Untersuchungen genannt, 
die gezeigt haben, dass eine Parbstoffbildung sowohl in vivo als 
in vitro durch Askorbinsaure gehemmt worden ist. Im Einklang 
damit haben die oben geschilderten In-vitro-Versucbe der vor- 
liegenden Arbeit ergeben, dass »die tota-le Farbstoffbildung» (s. 
S. 90) bei einem tlberschuss von Askorbinsaure gehemmt wird. 
Dagegeri konnte unter den vorliegenden Versuchsbedingungen 
keine Hemmung der Urochrom-A-Bildung beobachtet werden. 

Versucht man aus den gewonnenen Ergebnissen Riickschliisse 
auf die Art der beobachteten Umwandlung zu ziehen, so muss 
betont werden, dass entgegen der Anschauung Leibowitz’ und 
Guggenheimers keine Paarung der Askorbinsaure mit der zyk- 
lischen Yerbindung nachgewiesen worden ist. 

Ohne Zufuhr von Sauerstoff findet keine Umwandlung statt. 
Diese muss daher einen oxydativen Vorgang einschliessen. Es 
findet auch eine Oxydation der Askorbinsaure statt. Indessen 
lassen sich gewisse Anhaltspunkte dafiir nennen, dass auch der 
Verlauf im iibrigen als eine Oxydation aufgefasst worden konnte. 
Der chemische Verlauf liess sich in den Versuchen, in denen der 
zeitliche Ablauf der Umwandlung studiert wurde, in drei Prozesse 
aufteilen, die aufeinander folgten, namlich die Askorbinsaure- 
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oxydation, die Umwandlung der zyklischen Verbindung und die 
Farbstoffbildung. pass die Farbstoffbildang ein Prozess fiir 
sich war, zeigte sich auch auf andere Weise: es liessen sich 
imterschiedliche pH-Optima fiir Umwandlung und Farbstoff- 
bildung imterscheiden, und die Parallelitat z^\'ischen diesen 
beiden war nicht vollstlindig.) Moglicherweise diirfte es sich bei 
siimtliehen Prozessen um Oxydationen handeln. Einen Beleg 
dafiir, dass die Farbstoffbildung ein oxydativer Vorgang ist, 
kann man darin sehen, dass sie durch Askorbinsaure im Uber- 
schuss geiiemmt wird. Die Askorbinsaure tritt dann namlich 
wahrsclieinlicb als ein Reduktionsmittel auf, im Einklang mit 
Szekt-Gyorgyis Anschauung (siehe S. 23). 

Abderhaldens Nachweis der Entsteliung von Aldeliyd.en bei 
der Umwandlung von AminosSuren sowie Holtz’ Theorie, dass 
die Askorbinsiiurewirkung auf der Entstehung von Peroxyden 
beruht, bieten w’eitere StUtzen fiir die Annahme, dass es sich bei 
der beobachteten Umwandlung um einen oxydativen Prozess 
handelt. 


11. In vivo. 

Im vorigen Abschnitt wurde mit mebreren Beispielen gezeigt, 
dass in vitro eine Umwandlung zyklischer Verbindungen durch 
Einwirkung von Vitamin C vor sich gehen kann, wobei sich 
Farbstoffo bilden, die mit einer Urochrom-A-Bestimmungs- 
methode quantitativ bestimmt werden kdnnen und als Urochrom 
A isoliert werden konnen. Diese Umwandlung fand auch bei 
Konzentrationen der rengierend.en Stoffe st-att, wie sie im leben- 
den Organ ismus vorkommen kdnnen. 

In friiheren Arbeiten (Ekman 1941 und 1942) wurde gezeigt, 
dass eine Umwandlung von Histidin und Phenol durch Askorbin- 
shure auch in vivo erfolgt, und um diese Befunde zu best-atigen, 
sind auch Untersuchungen mit anderen zyklischen Verbindungen 
vorgenommen worden. 

Findet eine Umwandlung einer zugefiihrten zyklischen Ver- 
bindung durch Askorbinsaure auch in vivo statt, so muss man 
dies dadurch zeigen kdnnen, dass die Ausscheidung der ^ 
lischen Verbindung bei G-Vitaminmangel zunimmt und bei u er 
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schiissigem Vitamin C abnimmt. Steigert man andererseits die 
Einverleibung zyklischer Verbindungen, so kann sich vielleicht 
ein erMMer Verbravick von Vitamin C durch eine verminderte 
Askorbinsaureausscheidung nachweisen lassen. Da die Umwand- 
lung in vitro unter Bildung von Urockrom A vor sieh geht, muss 
man auch in vivo eine gesteigerte Ausscheidung dieser Farb- 
stoffe bei vermehrter Zufuhr zyklischer Verbindungen beobachten 
kbnnen.’ 

Schliesslich muss sich durch Einverleibung einer zyklischen 
Verbindung die Umwandlung einer anderen hemmen lassen, was 
in gesteigerter Ausscheidung dieser Verbindung zum- Ausdruck 
kommen muss. 

Es sind hier die gleichen Stoffe untersucht worden wie bei 
den Versuchen in vitro, doch habe ich ausserdem Gelegenheit 
gehabt, gewisse Untersuchungen an benzolexponierten Arbeitern 
vorzunehmen. 


1. Die Ausscheidung zyklischer Verbindungen mit deni Harn 
bei wechselnder Zufuhr von Vitamin C. 

a. Die Ausscheidung von Indoxyl und Indol. 

Allgemein gilt das Tryptophan der Kost als die Muttersubstanz der 
im Harn vorkommenden IndoxylschwefelsSure und Indoxylglyburonskure. 
Bie Dekomposition vollzieht sich im Damn unter Einvrirkung verschiede- 
ner Bakterien, und Schwankungen in der Ausscheidung von Indoxylver- 
bindungen hat man in der Hauptsache als dasErgehniSYon Verhnderungen 
in der Bakterienflora des Darmes aufgefasst. 

Das Bakterienprodukt ist Indol, und die Oxydation zu Indoxyl und die 
Paarung mit einer Silure finden nach der Resorption und mit aller Wahr- 
scheinlichkeit in der Leber statt. Der Organismus scheint die Fkhigkeit 
zu besitzen, auf diese Weise alles zugefilhrte Indol umzuwandeln, und 
normalenveise soil keine Ausscheidung mit dem Harn vorkommen. 

Zwar gab JaffE 1908 an, dass man durch Destination des Hams freies 
Indol nachweisen kdnne. Vaughan (19'32) untersuchte dagegen 147 Harne 
von normalen und kranken Meschen, ohne Indol in irgendeinem Harn zu 
finden die untere Grenze der mit seinem Verfahren fassbaren Menge 
dilrfte etwa bei 2 mg pro Tag gelegen haben. 

^ Mit ihrer (auf S. 64 referierten) bedeutend empfindlicheren quantita- 
tiven Methode konnten ihdessen Forbes und Neale (1934) zeigen, dass 
cine Indolmengen, gewbhnlich 0,5 — 1,5 mg pro Tag, in den meisten 
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Fallen von Polyarthritis, Sclnvangerschaftstoxikose, Pellagra. Tuberku- 
lose nnd oft auch bei Diabetes ausgeschieden warden. 

Bortolucci (1938) konnte mit Hilfe des FoRBES-NEALEschen Verfahrens 
Indolurie bei Schwangeren feststellen. 

Nach Ersclieinen der Arbeit von Forbes and Neale griff Vaughan 1936 
das Problem erneut an and meinte zeigen zu kSnnen, dass wahllos heraus- 
gegriffene Harne, die man stehen iSsst, nach etwa einem Tage freies 
Indol enthalten. Nach Vaughans Meinung kommt das daher, dass Bak- 
terien im Ham aus einem Precursor — wahrscheinlich Trj^ptophan — 
Indol freimachen. 

Durch den Nachweis von Indol mit Hilfe des FoRBES-NEALEschen Ver- 
fahrens nach Zusatz von Tryptophan und Bakterien zu indolfreiem Harn 
konnten Carnes und Lewis (1938) die VAUOH.ANSche Ansicht bestiitigen. 

Eine entscheidende Kritik der von Forbes und Neale gewonnenen 
Ergebnisse bedeutet das jedoch nicht. Bloss erscheint unsicher, ob bei 
den .von Forbes und Neale angegebenen KrankheitszustSnden Indol oder 
ein Precursor ausgeschieden wird. Wahrscheinlich ist, dass der Indolum- 
satz unter gewissen Verhaltnissen Storungen aufweisen kann. 

An experimentellen Arbciten sind in diesem Zusammenhang die For- 
schungen von Houssay, Deulofeu und Mazzocco (1935) zu nennen, die 
dartaten, dass von zugefUhrtem Indol nur etwa Vj als Indoxyl ausge- 
Echieden vnirde. In Uhnlichen Versuchen fanden Pinelli und Pugioni 
(1934), dass 60 % als Indoxyl ausgeschieden warden. Keiner von ihnen 
hat kontrolliert, ob Indol ausgeschieden wurde. 

Dass die Indoxylausscheidung nicht ausschliesslich durch die Bakterien- 
flora des Darmes bedingt ist, zeigen die Untersuchungen von Sanada 
(1937): eine erhdhte Indoxylausscheidung wurde erzielt bei Einverleibung 
von Thyroxin, Ovarialhormon und Hodenhormon, eine verminderte bei 
Einverleibung von Dijodthyrosin und Prolan. 

In erster Linie wurde die Ausscheidung von Indoxyl im Harn 
von Meerschweinchen untersucht, die bloss die Grundkost (S. 92) 
bekamen. Abb. 10 lasst eine gewisse Tendenz der Indoxyl- 
ausscbeidung erkennen, sich entsprecliend der Askorbinsaure- 
zufulir zu cindern. Bei Einverleibung von Askorbinsaure sinkt 
die Indoxylausscheidung, gibt man weniger Askorbinsaure, so 
nimmt die Ausscheidung von Indoxyl zu. In den Endstadien 
des Skorbutversuchs findet man bei den Versuchstieren eine 
weit hohere Ausscheidung als bei den Kontrolltieren. 

Im grossen ganzen zeigen jedoch samtliche Tiere eine im Ver- 
lauf des Versuchs fortschreitend sinkende Indoxylausscheidung. 
Vor dem Versuch bekamen die Tiere ein freies Futter (Riiben, 
Kbrner), von dem sich die Kost wahrend des Versuchs erhebhch 
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unterscheidet, und wahrscheinlich hat man hierin die Erklarung 
fur die Abnahme der Indoxylausscheidung zu sehen. Die 
gleiche Erfahrung wurde auch an anderen Meerschweinchen- 
reihen gemacht. 

Man hatte indessen einen grosseren Unterschied zwischen der 
Indoxylausscheidung der Skorbuttiere und derjenigen der Kon- 
trolltiere wShrend des ganzen Skorbutversuchs erwartet. Die 
besonders in der Mitte des Skorbutversuchs gerii^e Indoxyl- 



Abb. 10. Die Ausscheidung von IndoxylschwefelsStire hex wechselnden 

Askorbinsauregaben. 

Der Versuch umfasst zwei Meerschweinchengnippen von je 5 Tieren. 
Einfach gezeichnete Kurve: Skorbutkost. Doppelte Kurve: TSglich 100 mg 
Askorbinsaure durch Injektion. Die Indoxylausscheidung ist als mg/Tag 
angegeben, fUr ein Korpergewicht von 200 g berechnet. 


ausscheidung der Skorbuttiere lasst sich moglicherweise so er- 
klaren, dass, da das Ausgangsmaterial der Indoxylbildung der 
Tryptophangehalt der Nahrung sein diirfte, durch die im Laufe 
des Skorbutversuchs immer mehr abnehmende Nahrungsaufnahme 
der Tiere das Auftreten einer gesteigerten Indoxylausscheidung 
verhindert wird. (Um diesen Einfluss der 'N' a.bmrig Ra ufufl.h-m R zu 
kompensieren, ist in Abb. 10 die Indoxylausscheidung fiir ein 
Meerschweinchen von 200 g Gewicht berechnet worden.) 

Um die Verbal tnisse besser studieren zu konnen, wurde der 
Versuch folgendennassen wiederholt: die Indoxylausscheidung 
wurde dadurch standardisiert, dass samtliche Tiere iaglich 20 mg 
Indol eingespritzt bekamen. Hierdurch stieg die Indoxylaus- 
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sciiGidung so Grhsblicli, dSiSS SchwRnkiiiiggir-iii; dor Nsliruiigs- 
aufnahme keine Rolle spielen koimten, und ^leichzeitig mirde 
ein etwaiger Einfluss von seiten der Bakterienflora des Dannes 
r ausgeschaltet. 

Wie aus Abb. 11a und b ersichtlich, lieferten die so duroh- 
gefiihrten Versuehe ein tiberzeugenderes Resultat: die Indoxyl- 



Abb. 11 a. Abb. 11 b. 

Abb. 11 a. Die Ausscheidung von Indoxylschwefelsaure bei taglicher Ein- 
verleibung von 20 mg Indol und wechselnden Askorbinsauregabon. 


Abb. 11 b. Wie 11-a, dock wird< hier die Ausscheidung an ffeiem Indol 
angegeben (in mgITag pro Versuchstier). 

Der Versuch umfasst zwei Meerschweinchengruppen von 4 und 6 
(abgebrochene Kurve) Tieren. Die Kontrolltiere bekamen tSglich 10 g 
Weisskohl; an den VerBuchstagen 17 — 20 ausserdem V* Zitrone pro Tier. 

Oberlebende Skorbuttiere: nach 13, Tagen samtl., nach 16 Tagen 4, 
nacb 16 Tagen 3 und nach 18 Tagen 2 Tiere. 


ausscheidung der Skorbuttiere zeigt eine steigende Tendenz und 
liegt vor allem die ganze Zeit auf hohem Niveau. Die Kontroll- 
tiere, die zu Beginn des Versuches Skorbutkost bekamen, zeigeri 
mit steigender C-Yitaminzufuhr eine stetig abnehmende Indoxyh 

ausscheidung. ....... 

Wahrend des ganzen Versuchs wurde gleichzeitig die 
scheidung freien Indols im Harn studiert. Die aus’geschiedea^ 
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Menge betrug indessen die ganze Zeit durchschnittlich 0,i mg. 
Die Meerschweinchen konnen also, unabhangig von der 0-Vita- 
minzufnhr, dutch Oxydation zu' Indoxyl oder auf andere Weise 
die einverleibten Indolmengen (20 mg/Tag) umwandeln. 

Die Versuche dtirften zeigen, dass die Indoxylausscheidung 
bei Skorbht ansteigt, aber auf normale Hdhe zuriickgefiihrt und 
darauf gehalten werden kann, wenn man Askorbinshure einver- 
leibt Oder an Vitamin C reiche Vegetabilien ftittert. Es erschien 
nun wunschenswert zu untersuchen, ob auch die normale Indoxyl- 
ausscheidung dutch stark veranderte Askorbinsaurezufuhr beein- 
flusst werden kdnnte. Dies gelang indessen nicht. Vielmehr war 
bei hohen Askorbinsauregaben eher eine gesteigerte Indoxylaus- 
scheidung festzustellen. 

b. Ausscheidung von Salizylsdure. 

In Kap. 11 wurde erOrtert, unter welchen Formen die Salizylsaure 
ausgeschieden wird. In Selbstvexsuchen wurde gezeigt, dass bei einer 
Zufuhr von 0,5 g pro Tag die SalizylsUure quantitativ ausgeschieden wird. 

An Untersuchungen tiber die einschlSgigen Verhaltnisse im Tierversuch 
sei die Arbeit von Bluue und Nohara (1933) erwahnt. Sie fanden bei 
Kaninchen, die mit Rtiben gefUttert wurden, etwa 80 % der einverleibten 
Salizylsauremenge wieder, bei Futterung mit Grilnfutter nur etwa 50 %. 
In einer spateren Arbeit gibt Blume (1935) die Ausscheidung mit 80 % an. 

Die Salizylsaureausscheidung wurde an Meerschweinchen stu- 
diert, die 50 mg Natriumsalizylat pro Tag einverleibt bekamen. 
Bestimmt wurde die Gesamtsalizylsa,ure (freie + gebundene), 
und die Ausscheidungswerte wurden als Natriumsalizylat be- 
rechnet. 

Normalerweise wird etwa die HSlfte der einverleibten Menge 
ausgeschieden (Abb. 12). 

Ftittert man die Tiere mit Skorbutkost, so steigt die Aus- 
scheidung erheblich und kann dann dutch Darreichung askor- 
binsaurereicher Vegetabilien (Weisskohl) wieder zum Sinken 
gebracht werden. Die Kontrolltiere, die nur AskorbinsS,ure er- 
hielten, batten die ganze Zeit eine niedrige Salizylshureaus- 
scheidung. Eine Steigerung der Askorbinsaurezufuhr bewirkt 
indessen keine weitere Senkung der Ausscheidung, vielmehr tritt 
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Abb. 12. Die Ausscheidung von Salizylsatire im Earn bei wechselndzn 

C-Vitamingaben. 

Der Versuch umfasst zwei Meerachweinchengruppen von 6 (Skorbufr- 
gruppe) bzw. 5 Tieren. SSmtl. Tiere bekamen tSglich 50 mg Natrium- 
ealizylat per os. Die Askorbinsilure wurde eingespritzt. Weisskohl wnrdo 
in Tagesmengen von 10 g gereicht, etwa 10 mg Askorbinskure ent~ 
sprechend. Der Harn wurde in Zweitagesperioden gesammelt. 



bei einer taglichen AskorbinsSuregabe von 40 mg eine voriiber- 
gehende Steigerung der SalizylsSureansscheidung ein. 

Ein Vergleich zvsischen der Ausscheidung von freier und 
gebundener Salizylsaure bei wechselnder Zufuhr von Vitamin G 
ergab, dass das Verhaltnis von freier und gebundener Salizyl- 
saure- zueinander die ganze Zeit konstant blieb. Die C-Vitamin- 
zufuhr hat also nichts mit der Koppelung der SalizylsSure zu tun^ 


c. Ausscheidung von Sulfanilamid, 

Sulfanilamid wird im Harn teils frei, teils in gekoppelter Form aus- 
geschieden. Soweit ich babe finden kOnnen, liegen keine Untersuchungen 
tiber die Ausscheidung von Sulfanilamid im Meerschweinchenham vor. 
Dagegen hat z. B. Simesen (1940) die Ausscheidung bei der Ratte unter- 
sucht und etwa 45 % der einverleibten Menge im Harn wiedergefunden. 
Am Menschen sind sehr viele einschlSgige Untersuchungen gemacht 
worden; Simesen (1940 a) z. B, fand 50—70 % im. Ham, wShrend Stewart 
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Abb. 13. Die Sulfanilamidumwandlung bei Tagesgaben von 1 g 
Sulfanilamid und wechselnden AskorbinsSuregaben. 

(SelbstveiSTicli.) 

Die Punkte der Kurve entsprechen den Mittelwerten von VerBUchs- 
perioden mit ciner Dauer von gewohnlich 3 Tagen. pie Tage der Sul- 
fanilamidbestimmungen sind durch Pfeile kenntlicb gemacht; die Ver- 
Buchstage innerhalb einer Versucbspeiiode sind dnicb einen Querstrich 
gekennzeichnet.^ Bestimmung von Gesamtsulfanilamid.) 


et al. (1938) bedeutend hohere Werte fanden, nSmlich 88 — 98 %, Im all- 
gemeinen dtirfte man annehmen, dass peroral zugefiihrtes Sulfanilamid 
■quantitativ aus dem Darm resorbiert wird. 

Die Sulfanilamidausscheidung ist hier teils in Selbstversuchen, 
teils in Meerschweinolienversuchen studiert "worden. 

Im Selbstversueh nahm icJi taglioh peroral 1000 mg $ulfanil- 
^mid (urn 13 Ubr). Auch die Askorbinsanre wurde per os einge- 
nommen, doch in drei Portionen (um 9, 17 nnd 21 Uhr). Der 
grosste Teil des eingenommenen Sulfanilamids, 85 — 100 %, 
'wnrde im Harn wiedergefunden, und um die Schwankungen in 
der Ausscbeidung leiebter grapbiscb darstellen zu konnen, ist 
in Abb. 13 nicht die ausgeschiedene Menge, sondern der Unter- 
schied zwischen der einverleibten und der ausgeschiedenen 
Menge angegeben. Dieser Unterschied, also die nicht ausgeschie- 
dene Menge, ist als im Kurper verbrannt betrachtet worden. 

Die drei Hdhepunkte der Kurve in Abb. 13 (die also eine 
maximale Verbrennung des einverleibten Sulfanilamids bezeich- 
nen), fallen alle mit einer gesteigerten Kinverleibung von Vitar 
min G zusammen. Die Tief punkte der Kurve fallen in zwei Fdllen 
mit dem Streichen der zusatzlichen Vitamin-C-Uaben zusammen, 
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Abb. 14. Die Stilfanilamidaiisscheidting bei wechselnden 
Askorbinsdurcgaben. 

Der Versuch umfasst zwei Meerschweinchengruppen von je 5 Tieren. 
Bel Gruppe I Tvurde dcr Versuch abgebrochen, als die Sulfanilamidaus- 
scheidung nach Einverleibung von Vitamin C eine fallende Tendenz 
verriet. 

SSratl. Tiero bekamen thglich 50 mg Sulfanilamid per os. Die Askor- 
binsUure wurde eingespritzt. Der Harn -wurde in Zweitagesperioden ge- 
saramelt. Bestimmung von Gesamtsulfanilamid. 

Ein Versuchstier dcr Gruppe II starb nach 24 Tagen. 


in einem Falle aber mit einer ausnehmend hohen C-Vitamingabe. 
Es Echeint also eine gewisse, nicht libermassige Askorbinsaure- 
zufubr fiir die Sulfanilamidverbrennung optimal zu sein, und fer- 
ner sclieint diese letztere sowohl duroh Vitamin-C-Mangel als 
durch sehr hobe Uberschiisse an Vitamin C gebemmt werden 
zu kdnnen. 

Der Versuch wurde an Meerschweinchen wiederholt, und wie 
aus Abb. 14 hervorgeht^ mit ahnlichem Ergebnis. Bei Skorbut- 
kost steigt die Ausscheidung (nimmt die Verbrennung im Orga- 
nismus ab) und kann dann durch Einverleibung massiger Askor- 
binsauremengen wieder auf den normalen Stand gebracht wer- 
den. Werden grosse Mengen Askorbinsaure gereicht, so steigt 
die Ausscheidung wieder. 

Sowohl im Meerschweinchenversuch als im Selbstversuch 
konnte festgestellt werden, dass das Verhaltnis zwischen freiem 
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Abb. 15. Die Einverleihung von Sulfanilamid ist ohne Einfluss auf die 
Ausscheidung von Askorbinsaure mit dem Harn. 

Der Versuch umfas&t zwei Gruppen von je 5 Tieren. SSmtl. Tiere be- 
kamen t&glich 20 mg Askorbinsaure eingespritzt. Sulfanilamid per os. 
AskorbinsaurebeBtimmung nach Tauber nach vorheriger Schwefel-waseer- 
stoffbehandlung (S. 78). 


und gebundenem Sulfanilamid in der ausgeschiedenen Menge 
konstant ist, dass also die Koppelung nicW durcb die C-Vitamin- 
zufuhr beeinfluast wird. Ebenso vrarde kontrolliert, dass das aus- 
geschiedene Sulfanilamid, wahrend der Harn gesammelt wurde, 
nicht ausgefailt wurde. 


2. Die Askorbinsaureaussclieidung im Harn bei wecliselnder 
Zufulir von zyklischen Verbindungen. 

a. Zufuhr von Sulfanilamid und Natriumsalizylat. 

Ich babe es fiir richtig augesehen, mit einer Askorbinsaure- 
zufubr zu arbeiten, die nur eine geringere Aussobeidung im Harn 
mit sick bringt. Falls die Zufubr zykliscber Yerbindungen einen 
gesteigerten Askorbinsaureverbrauch im Gefolge hat, so diirfte 
sich dies bei einer massigen Askorbinsaurezufuhr eher zeigen als 
bei einem grossen Uberschuss. Die zyklische Verbindung ist 
dagegen in grossen Mengen einverleibt worden. 

Wie Abb. 15 zeigt, wird bei einer Zufuhr von 20 mg Askorbin- 
sSure und 50 — 100 mg Sulfanilamid pro Tag die Askorbinsaure- 
ausscheidung nicht dutch das Sulfanilamid beeinflusst. In einem 
anderen Versuch konnte gezeigt werden dass tagliche Gaben von 
150 mg Natriumsalizylat bei gleichzeitiger Zufuhr von 20 mg 
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Askorbins.iurc koine Einwirkiing anf die Askorbinsaureausschei- 
dung ausiiblen. 

Ihnlicbe Ergcbnisse warden in Yersuchen mit denselben zyk- 
lipchen Yerbindungen, dock mit tiiglicben Askorbinsiluregaben 
von 60—100 mg gewonnen. Audi Phenol konnte die Askorbin- 
sliureaussdieidung nicht beeinflussen. 


b. Zufulir V 07 ! Benzol. 

Durdi das Entgegenkoramcn von Prof, S. Forssman an der 
Berufshygienisclien Abtcilung des Staatl. Institute fur Yolks- 
gesundheit, Stockholm, hatte icli Gelegenlieit, an einer Unter- 
sucliung teilzunohmen, die itber gewisse Ycrhilltnisse bei benzol- 
oxponierten Arbeitcrn Kkarheit sdiaffen sollte (Forssman und 
Frykholh 1943). Angabcn fiber das Yersuclismaterial und ge- 
wisse Ergebnisse Foussmaxs und FRYKHOiats zitierc ich mit Erlaub- 
nis dor Yerf;i??cr nach ihrem Jlanuskript: 

»MeUiO(3ik: In einor Tiofdrackanslalt ^’urden s.’imtiichc 26 Arbeiter 
untersndit, die untcr glcichen Arbeityverhiiltnisscn dem Einfluss von 
Bensoldilmpfcn .-.UHgeHotzt waren, Dicse wurdon mit, 23 Arbeitem des- 
fdben Untemehmenf: vorpliclii'n, die veder beruflich uoch sonst mit 
Benzol in BerObrunfr k.imen. Wir erhioUen samtliche Angaben ilber 
bbberige Dauer dcr AnFtellung, Lcbcnpgewohnhoiten, EmJihnmg und 
frChere Knsnkheiten sowie ot\v.nigo Bc?cliv*crden bei der Arbeit. Die 
Benzolexponiorlcn wurden glciclizoitig kliniscb untersucht, der Blutstatus 
wurdo .nnfgoriommcn U 5 v.; die die?bp7.ilglii’ben Ergebnisso siche bei 
OuiVKLT (IIMB). Die Arbeiter liefcricn tiiglicli den Jtorgenharn ab, ausser 
denen, die in der Nachinittagepchicbt .arbeiteton und die den Ham 
unmittelbar vor Beginn der Arbeit licE?cn. Dcr Ham wiirde uns in 
dtinlden vcrFrblofpenen I'laFcben von 200 ml binnen wenigen Stunden 
tijgeEchick!.* 

In diesen Ilarnproben wurden der C-Vitamingehalt, das Sulfat 
(freie .*5 und Gesamtsulfat) und die Muconsaiire von Forssjlan und 
FRYKHObJi in Stockholm bastimmt. 

Der Belastungsvcrsuch tvurde folgendemiassen ausgefulut. 
Die Askorbinsilureausscheidung %mrde einige Tage lang verfolgt, 
dann warden am ersten Tage 000 mg Askorbinstiure (Tabletten) 
und anschlies-send tiiglich 300 rag verabfolgt, bis in wenigstens 
zwei Hnrnproben (Jforgenharn) eine Askorbinsaurekonzentration 
von 5 — 10 mg% vorlag. For.ssmak und Frykiiolm fassen die 
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Ergebnisse wie folgfc zusammen: »Wenn man diejenigen als 
gesattigt betrachtet, die eine Konzentration von 7 mg% im Ham 
erreicM hatten» . . . zeigt es sich . . . »dass von dem Normal- 
material 19 von 23, also 83 binnen 10 Tagen gesattigt waren. 
Von den benzolexpqnierten Arbeitern sind in der gleichen Zeit 
nur 10 von 26 gesattigt, also 38 %. Hier li.egt ein deutlicher und 
sicherer Unterschied zwischen den beiden Untersuchungsgruppen 
vor. Mehrere der Benzolexponierten erreichen nie die Konzen- 
tration von 5 mg% Askorbinsaure im Harn, trotz Tagesgaben 
von 300 mg wahrend einer Zeit von 23 Tagen.» 

Bemerkenswert ist, dass die benzolexponierten Arbeiter vor 
der Verabfolgung der C-Vitamintabletten eine etwas hohere 
Askorbinsaureaussebeidung zeigten als das Kontrollmaterial 
(2,20 bzw. 1,58 mg%). Die Askorbinsaure wurde im Prinzip nach 
dem auf S. 78 besehriebenen Titrationsverfahren nach Tillmans 
bestimmt. Wie im folgenden gezeigt werden wird, war indessen 
die Urochrom-A-Ausscbeidung gerade bei den Benzolexponierten 
erhoht, und die erhohten Askorbinsaurewerte diirften also durch 
Urochrom A imd nicht durch Vitamin C bedingt gewesen sein, 
gemass den auf S. 83 vorgelegten Ergebnissen. 

Die Untersuchungen von Fobssman und Prykholm zeigen, dass 
Personen, die der Einwirkung von Benzol ausgesetzt sind, 
schwerer mit Vitamin C gesattigt werden kbnnen als andere. 
Nach der allgemeinen Anschauung liesse sich dieses, grossere 
Defizit bei den Benzolbeeinflussten als die Folge eines durch das 
Benzol verursachten grbsseren G-Vitaminbedarfs deuten. 


3. Die Urochrom-A-Ausscheidung im Harn bei Zufulir von 
zykiischen Verbindungen. 

a. Zufulir von Salizylsdure, Sulfanilamid und Indol. 

Aus Abb. 16 — 18 geht hervor, dass die Einverleibung von 
Salizylsaure, Sulfanilamid und Indol eine gesteigerte Ausschei- 
dung von Urochrom A mit sich bringt. Der wahrscheinliche Her- 
gang bei der Bildung des Urochroms A wird in Kapitel IV 
besprochen. 

Das Urochrom A wurde aus den untersuchten Harnen isoliert. 
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£ Urochrom-A 



Abb. IG. Stcigentng dcr Vrochrom-A-AusscheUhmg bei ZufiiJir von 

NairiuDisaUzglat. 

Dcr Versucli umfasst 7.\vei Meersclnveinchengruppen von je 4 Tieren. 
llrocbroin A wird mit dem Extinktionswert bei Bestiinmung in einer 
Tagcsmenge von 25 ccm angegeben. Die Tiere in Gruppe I erhielten 
taglicb 150 ing Natriunisalizylat per os. Tiigliche Vitamin-C-Zufuhr: 
20 mg Askorbinsaure durcli Injektion. 

£ -Or^Chrom A 



Abb. 17. Sicigenijig tier UrocJtrom-A-Avsschehhtng bei Zuluhr von 

Sulfanilamid. 

Der Versuch umfasst zwei Mecrscliweinchengruppen von je 5 Tieren. 
Sulfanilamid wurde per os gegeben. Urochrom A wird mit dem Extink- 
tionswert bei Bestimmung in einer Tagesmenge von 25 ccm angegeben. 
Tilgliclie Vitamin'C-Zufiilir: 20 mg AskorbinsUure durcii Injektion. 

Abb. 18. Steigerung der Urochrotn-A-Aiisscliekhing bei Zufuhr von 

Indol. 

Der Versuch umfasst eine Gruppe Meerscbweinchen von 5 Tieren. 
Urochrom A wird mit dem Extinktionswert bei Bestimmung in einer 
Tagesmenge von 25 ccm angeben. Indol wurde durch Injektion gegeben. 
Tiigliche Vitamin-C-Zufuhr: Weisskohl etwa 10 mg Askorbinsiiure ent- 
sprechend. 
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TABELLE 51. 


Steigerimg der Vrochrom-A-Ausscheidung bei Zufuhr von Benzol 
(Druckereiarbeiter). 

Versuchseinrichtung: Siehe den nebenstehenden Text und S. 131. 



Vor der Vitamin-C- 
Belastung 

Tage nach Beginn der Vitamin-C- 
Belastung 


4 

11 


Urochr. A 
E 

Anzahl 

Bestimm. 

Urochr. A 
E 

Anzahl 

Beatimin. 

Urochr. A 
E 

Anzahl 

Bestimm. 

Kontrolle 

22 Arbeiter 

0,28 

38 

0,31 

19 

0,28 

18 

Benzol 

21 Arbeiter 

0,38 

44 

0,46 

17 

0,28 

19 


b. Zufuhr von Benzol. 

Im Zusammenhang mit den auf S. 131 erwahnten Untersu- 
obungen von Forssman und Frykholm an benzolexponierten 
Arbeitern warden Harnproben in 50-ccin-Flaschen, mit einer etwa 
cm-dicken Toluolschicht versehen, nach Lund geschickt und 
bier von mir auf den Urocbrom-A-Gebalt (und Polyphenolgebalt, 
siebe S. 147) untersucbt. 

Das Ergebnis der Urocbrom-A-Bestimmungen ist in Tab. 51 
verzeicbnet. Die Benzolexponierten scbeiden etwa 38 % mebr 
Urocbrom A aus als das Vergleicbsmaterial. (Bei Einverleibung 
von Vitamin C sinkt die Urocbrom-A-Ausscbeidung der Benzol- 
exponierten.) 


4. Die Histidinaussclieidiuig im Harn bei -wecliselnder 
Zufuhr von Phenol. 

Es schien von Interesse zu sein, wenn gezeigt werden konnte, 
dass aucb bei Ratten, die selbst ibr Vitamin C syntbetisieren, 
ahnlicbe Verbaltnisse in bezug auf den Umsatz zykliscber Ver- 
bindungeu berrscben wie beim Meerscbweincben und Menscben. 

In der Scbrifttumstibersicbt warden Untersucbungen beispiels- 
weise von Longekecker et al. (S. 37) erwabnt, aus denen bervor- 
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TABELLE 52. 

Eimcirkting der Zufuhr von Phenol auf die Hisiidinatisscheidmg 

bei Ratten. 

Der Vei^uch umfasst zwei Gruppen von je 6 Versuchstieron. Der 
Earn wurde in ZweitageBperioden gesammelt Dio Sammelperioden waten 
dutch eine 246tandige Pause voneinander getrennt. Die Histidinaus- 
scheidung ist in mg/Tag angegeben, fUr ein KCrpergewicht dea Ver- 
Euchstieres von 200 g berechnet SUmtliche Tiere bekamen Uiglich 20 mg 
Askorbinsilure eingespritzt. Phenol dutch Injektion einverleibt. 


Versucheperiode 

■ 

2 

3 

4 

5 

Gruppe 

I 

Phenolzufuhr 

mg/VerBuchsperiode 

Histidinausscheidung 

0,80 

1,W 

25X1 

1,46 

5X2 

0,91 

0,72 

Gruppe 

II 

, 

Phenolzufuhr 

mg/Vcrsuchsperiode 

Histidinausscheidung 

0,91 

0,98 

0,85 

0,63 

6X3 

1,11 


ging, das3 Ratten bei Einverleibung zyklischer Verbindungen 
dutch gesteigerte Askorbinskureproduktion reagieren. 

Wild diese erhdhte Produktion zur Umwandung der einver- 
leibten Verbindungen verwandt, so diirfte man dutch Zufuhr 
einer zyklischen Verbindung, trotz der kompensatorischen Stei- 
gerung der Vitamin-C-Prcduktion, die Ausscheidung einer ande- 
ren zyklischen Verbindung mit dem Harn beeinflussen konnen. 
AIs Beispiel wiirde das Studium der Histidinausscheidung bei 
■wechseinder Phenolzufuhr gewahlt. Wie aus Tab. 52 hervorgeht, 
gelang es, dutch Zufuhr von verhaltnisraassig kleinen Phenol- 
mengen die Histidinausscheidung hocbgradig zu steigern. 


Zusammenfassung der Yersuclisergebnissc. 

1. Die Ausscheidung von Indoxylschwefelsaure, Salizylsaure 
und Sulfanilamid im Harn liissfc sich dutch Zufuhr von Vitamin C 

beeinflussen. _ . 

Die Ausscheidung steigt bei Skorbut, fallt bei Einverleibung 
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massiger Askorbinsaiiremengen nod steigt wieder bei Zufuhr 
sehr grosser Mengen Askorbinsaure. 

2. Die Ausscheidung von Askorbinsaure im Meerschweinchen- 
harn wird durch Zufuhr von Salizylsaure, Sulfanilamid und 
Phenol nicht beeinflusst. (Benzolexponierte Arbeiter zeigten 
dagegen ein grosseres C-Vitamindefizit als KontroUpersonen 
[Forssman und Frykholm].) 

3. Bei Einverleibung von Indol, Salizylsaure, Sulfanilamid 
und Benzol steigt die Ausscheidung von Urochrom A im Harm 

4. Bei Einverleibung von Phenol steigt die Histidinausschei- 
dung im Earn der Ratte. 


Besprecliung. 

In eigenen Versuchen ist gezeigt worden, dass Histidin (Ekman 
1941), Phenol (Ekman 1942), Sulizylsaiire, Sulfanilamid und 
Indol (siehe oben) durch Vitamin C in vivo unter Bildung von 
Urochrom A umgewandelt werden kbnnen. 

Veranderungen in der Urochrom-A-Ausscheidung und im 
C-Vitaminstoffwechsel bei benzolexponierten Arbeitern kbnnen 
darauf hindeuten, dass auch Benzol durch Vitamin C umge- 
wandelt wird. 

Die Benzolversuche sind nur am Menschen gemacht worden. 
Die tibrigen Stoffe sind in Meerscbweincbenversuchen studiert 
worden, die Histidin- und Sulfanilamidausscheidung auch im 
Selbstversuch. Phenol konnte durch Askorbinsaure auch bei 
Pfianzen (Kresse) entgiftet Averden (Ekman 1942). 

Die Ergebnisse AA'aren die gleicben bei peroraler Einverleibung 
der Askorbinsaure wie bei Injektion, weshalb die beobachtete 
Einwirkung auf die zyklischen Verbindungen nicht durch eine 
Reaktion im Magen-Darmltanal bedingt gewesen sein kann. 
Im PflanzenAmrsuch konnte durch eine besondere Vorrichtung 
das Zusammentreffen von Phenol und Askorbinsaure bis nach 
erfolgter Resorption A^erhindert werden. 

Die hier studierte Wirkung der Askorbinsaure auf die Aus- 
scheidnng Z5rklischer Verbindungen konnte die indirekte Folge 
einer Einnorkung auf die Diurese sein. Indessen hat z. B. Abbasy 
(1937) zeigen kbnnen, dass Askorbinsaure eine gewisse diurese- 
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fordernde Wirkung besitzt. Wenn trotzdem bei massigen Askor- 
binSiiurGgabon giiig verinindGrtG AusschGidung dGr zyklischGii 
VGrbindung bGobaclitGt wn.irdG, kaiiii gs sich also nicht uni gIdg 
DiurGSGwirkung gGliaudGlt* habGii* DagGgGn Avaro giiig Aus- 
schwGmmung dGr zykliscliGn VGrbindung als Erklarung der 
gestGigGrtGn AusschGidung bci Zufuhr SGhr grosser Askorbin- 
saurGmongGn.dGnkbar. Wodor im Selbstvorsuch mit Sulfanilamid 
noch bei den Tierversuchen haben indessen so erhebliche Ver- 
anderungen der Harnmengen beobachtet werden kiinnen, dass 
sie die gesteigerte Ausscheidung der zj’-klischen Verbindung zu 
erkkiren vennochten. 

In den Tierversuchen kommt ausserdem hinzu. dass alle Tiere 
gleich grosse Mengen Wasser bekommen und diese unabhangig 
von der Askorbinsiiurezufuhr vollstundig konsumiert haben. 

Vergleicht man die in vivo gewonnenen Ergebnisse mit denen 
der Versuche in vitro, so stellen -wir eine weitgehende Uberein- 
stimmung fest. 

In beiden Fallen erfolgt die Umwandlung unter Bildung von 
Urochrom A, in beiden Fiillen war auch eine Hemmung der 
Umwandlung bei iiberschiissiger Askorbinsaure zu beobachten. 

Weder in vivo (bei Meerschweinchen) noch in vitro konnte bei 
Zufuhr von Sulfanilamid ein gesteigerter Verbrauch von Vitamin 
C festgestellt werden. (In vivo konnte dasselbe fur Natrium- 
salizylat und Phenol beobachtet werden. Die zusammen mit 
FoRSSMANundFRYKnoLM untersuchten benzol exponierten Arbeiter 
batten dagegen einen erhohten Bedarf an Vitamin C. Moglicher- 
weise spielen hier die in Kap'. VI erorterten Verhaltnisse eine 
Rolle.) 

In vitro konnte keine Koppelungsreaktion zwischen zyklischer 
Verbindung und Askorbinsaure nachgewiesen werden, und die 
Koppelungsreaktionen in vivo vollzogen sich unabhangig von 
der C-A’'itaminzufuhr. In vitro zeigte es sich, dass die Desami- 
nierung von Histidin durch einen Phenolzusatz gehemmt werden 
konnte. Dasselbe wurde in vivo festgestellt: bei Zufuhr \on 
Phenol stieg die Histidinausscheidung im Earn von Ratten. 

Der Nachweis, dass die Histidinumwandlung in vivo durch Zufuhr 
einer anderen zyklischen Verbindung, Phenol, gehemmt wird, durfte 
• mSglicherweise fur das Verstlindnis der pharmakologischen Wirkung 
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gewisser in dieser Arbeit beriihrter Verbindungen von Interesse sein. 
Zwar kennt irian spezifische Enzymsysteme fur verschiedene zyklische 
Verbindungen. AIb Beispiel ist die vor alleiri in der Leber vorkom- 
mende Histidase zu nennen, die Histidin abbaut. Die Hemmung^ des 
Histidinabbaus und die sich daratis ergebende Steigerung der Histidin- 
ausscheidung nacb Zufuhr-, von Phenol kann also auch in einer Hemmung 
der Histidasenwirkung bestanden haben. In fruheten Untersuchungen 
{Ekjian''1941) konnte die Histidinausscheidung jedoch auch durch blosse 
Verknderungen der C-Vitaminzufuhr beeinflusst werden, und es erscheint 
mCglich, dass es neben spezifischeren Enzymsyetemen auch ein allge- 
meineres Oxydationssystem fur zyklische Verbindungen gibt und dass 
AskorbinsSure zu diesem System gehort. Die Kapazitkt des Systems 
wurde dann durch Schwankungen der AskorbinsSurezufuhr beeinflusst 
"werden: eine vermehrte AskorbinsSurezufuhr hat eine vennehrte Um- 
"wandlung zyklischer Verbindungen zur Folge. 

In der Schrifttumsubersicht warden Untersuchungen erwhhnt (S. 35), 
aus denen hervorging, dass Atophan durch Aekorbinshure entgiftet "wer- 
den kann. In bezug auf die pharmakologische Wirkung des Atophans 
"weiss man, dass nach Einverleibung von Atophan die HarnsSureaus- 
scheidung im Earn zunimmt. Der diesem Geschehen zugrunde liegende 
Mechanismus ist unbekannt. Doch erscheint es denkbar, dass analog 
dem Versuch mit Phenol-Histidin das Atophan den Harnskurestoff- 
wechsel im Organismus hemmt, was eine vermehrte Ausscheidung im 
Ham zur Folge hat. 

Betreffs des Sulfanilamids und khnlicher Praparate hat man vermutet, 
ihre Wirkung beruhe darauf, dass die Bakterien, die gegen Sulfanilamid 
empfindlich sind, zu ihrem Wachstum Paraaminobenzoesaure benotigen. 
Man nimmt an, dass Paraaminobenzoeskure als Bestandteil eines Enzym- 
sysfems der Bakterien vorhanden ist, aus diesem System aber durch das 
chemisch nahverwandte Sulfanilamid verdrSngt werden kann. Das Sul- 
fanilamid vermag indessen nicht die Funktion der ParaaminobenzoesSure 
zu tibernehmen. (S. z. B. Domagk, 1942.) 

Es erscheint mOglich, diese Theorie mit der hief gefuhrten Oberlegung 
•zu komhinieren. Man kann annehmen, dass der Umsatz von Paraamino- 
benzoeskure fUr die Bakterien notwendig ist. Ebenso aber -wie beim 

PhenoPHistidin wird dieser Umsatz durch Zufuhr von Sulfanilamid ver- 
hmdert. 

Falls die ohigen Uberlegungen stichbaltig sind, muss sich die Para- 
aminobenzoeskure durch AskorbinsSure umwandeln lassen, und diese 

mwandlung wilrde durch die Zufuhr von Sulfanilamid gehemmt werden. 
Paraaminobenzoesaure kann man indessen mit demselben Verfahren wie 
bulfamlamid bestimmea, wesbaib ein Konkurrenzversuch nicht moglich 
war. Statt dessen ist die Umwandlung von Paraaminobensioesaure und 
Sulfanilamid unter identischen Verhaitnissen und mit Znsatz derselben 
Askorbinskuremenge untersucht worden. Es zeigte sich (Tab. 53), dass 
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TABELLE 53. 

VcrgMch zwischen der Umwamllmtg von Paraaminobenzoesaure fPAB) 
iind der von Sulfanilamid dnrch Askorhinsaure. 

Kolbenversuche. Zusatz in samtl. Vcrsuchen 17Gmg Askorbinsaure, 
13,6 mg Ferrizitrat. pH 5,8. V<;rsuclisdauer 17 Stdn. In samtl. Versuchen 
ist das molare Konzcntrationsverhaitnis Askorbinsiiure/aromatische Ver- 
bindung/Ferrizitrat = 2:1: 0,i. In samtl. Versuchen vnirde die Askorbin- 
stiure vollstiLndig oxydiert. 


Hr. 

Zusatz in mg 

Umwandlung 
in mg 

Umwandlung 
in der 

zugesotzten 
Jilenge 

TJrochrom A 
E 


PAB 




1-2 

68,55 

18,3 

26, 6 

0,19 


Sulfanilamid 




3-4 

86 

48,7 

56,6 

0,00 


ParaaminobenzoesUure von AskorbinsUure umgewandelt werden kann, 
dass diese Uraivandlung aber nur halb so gross ist wie die des Sul- 
fanilamids. Demnach vUrde vohl bei einem Konkurrenzversuch in erster 
Linie das Sulfanilamid umgewandelt werden und also den Umsatz der 
ParaaminobenzoesUure hemmen. 

Bei einem Vergleich der Versuche in vitro mit denen in vivo 
iiberrascht es zn sehen, dass ein normaler Umsatz zykiisclier 
Verbindungen aucli bei sebr geringer Znfuhr von Askorhinsaure 
aufreeliterhalten wird, wiihrend in den Versuchen in vitro we- 
nigstens eine gleich grosse Menge Askorhinsaure ivie zykiische 
Verbindung erforderlicli ist, dainit eine grossere Menge der 
letzteren umgewandelt wird. In vivo sind die Verhiiltnisse aber 
anders, un& von speziellem Interesse ist das Vorhandensein von 
Sulfhydrjdverbindungen, die. oxydierte Askorhinsaure zu redu- 
zieren vermogen, so dass eine kleine Menge Askorhinsaure 
mehrere Male fiir dieselbe Reaktion verwendet weiden kann. 
Solche Regen erationssysteme fiir Askorbinsiiure sind beispies 
■meise in Untersuchungen von Hopkins (1936) und Borsook et 
(1937) behandelt worden. Es verdient hervorgehoben zu werden, 
dass in samtliohen Fallen, in denen mit Askorbinsiiure m vivo 
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eine Wirkung erzielt worden ist, diese mit Konzentrationen er- 
reicht werden konnte, die nicht uber denen liegen, die als normal 
gelten konnen. In den Meerschweinchenversuohen warden 10 — 
20 mg/Tag gereicht, in den Selbstversuchen zwischen 100 und 
200 mg/Tag genommen. 

Sehliesslieh sei erwaimt, dass die Untersuchungen iiber die 
Ausscheidung von Indol and Indoxylschwefelsaure auch von 
einem anderen Gesichtepunkt als dem der Beeinflussung der 
Ausscheidung duroh Askorbinsaurezufuhr Interesse haben. 

In den Versuohen mit konstanten Tagesgaben von 20 mg 
Indol stieg die Ausscheidung von Indoxyl, als Indoxylschwefel- 
saure berechnet, durchschnittlich um 10 — 15 mg, so dass also 
25 — 40 % des einverieibten Indols zu Indoxylschwefelsaure um- 
gewandelt warden was mit den (S. 123) angefiihrten Literatur- 
angaben ubereinstimmt. Da die Indolausscheidung, die gleich- 
zeitig kontrolliert wurde, konstant nur 0,i — 0,2 mg pro Tag be- 
tnig, kann als erwiesen gelten, dass der Organismus noch eine 
andere MOgliohkeit hat, Indol zu eliminieren, als es in Form von 
mit einer SS,ure gepaartem Indoxyl auszuscheiden. 


Znsammenfassend diirfte man sagen konnen, dass in diesem 
Kapitel vorgelegte ResuUate von XJntersnchungen in vivo und 
in vitro zeigen, dass zyklische Verbindungen durch Askorbin- 
sdure unter Bildung von Urochrom A umgewandelt werden 
konnen. Sowohl in vivo als in vitro wird diese Vmwandlung 
durch einen Vberschuss von Vitamin C gehemmt, was von In- 
teresse bei der Diskussion der optimalen Vitamin-C-Zufuhr sein 
diirfte. Die Untersuchungen in vitro warden auf S. 117 — 121 
vor dem Hintergrund dhnlicher Untersuchungen anderer Autoren 
besprochen, mit Versuchen iiber Entgiftung verschiedener Toxine 
durch Vitamin C und mit Angaben iiber einen Antagonismus 
zwischen Vitamin C und gewissen Hormonen verglichen. 

Die Untersuchungen in vivo lassen sicb mit den Arbeiten von 
Sealock et al. (siehe S. 26) iiber den Stoffwechsel des Pbenyl- 
alanins und Thyrosins sowie ihrer Abkbmmlinge vergleichen, 
femer mit der Arbeit Beyers (siehe S. 33) iiber den Benzedrin- 
stoffwechsel bei wechselnder C-Yitaminzufuhr. Eine weitere 
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Bestatigung finden sie durch die in Kap. I gemachten Schrift- 
tumsangaben iiber Entgiftung mehrerer zyldischer Verbindungen 
durch Vitamin C sowie die Beeinflussung des C-Vitaminstoff- 
wechsels durch gewisse zyklische Verbindungen. Berner sei 
daran erinnert, da-ss z. B. Meyer (1937) auf die Ihnlichkeit 
zwischen Skorbut und Benzolver^ftung aufmerksam gemaoht 
hat. Leibovvitz und Guggenheim (1938) nahmen an, der Skorbut 
eei eine Vergiftung durch Stoffe, die normalerweise yon der 
Askorbinsaure entgiftet wiirden. Von grundsatzlicher Bedeutung 
scheint die Beobachtung Sealocks (s. S. 27) zu sein dass das 
Vermdgen der d-Askorbinsaure, den Tyroxinstoffwechsel zu 
beeinflussen, in direktem Verhaltnis zur antiskorbutischen Wir- 
kung derselben Askorbinsaureform stand. 

Die Annahme scheint damit ber,echtigt, dass die Umwandlung 
zitklischer Verbinditnqen eine wesentliche Aufgdbe des Vitamins 
C bildef. 



KAP. IV. 


Die Uimvandlung zylslisclier Verftindungen durcli 
Askorbinsaure ist ein oxydativer Torgang, aiif 
den, oline Mitvrirkung der Askorbinsaure, eine 
Uroclirom-A-Bildung folgt. 

I. Die Umwandlung. 

Im vorigen Abscbnitt wurde gezeigt, dass zyklische Verbin- 
dungen durch Askorbinsaure umgewandelt werden kbnnen, dock 
wurde die Art der Umwandlung nocb nicbt naher untersuebt. 

Um den cbemiscben Ablaxif im einzelnen klarzustellen, er- 
scbien es am einfacbsten, nacb Moglicbkeit die Umwandlungs- 
produkte der Versucbe in vitro zu isolieren. Ein solches Um- 
wandlungsprodukt ist bereits nacbgewiesen worden, namlicb das 
Urocbrom A des Hams, obne dass damit jedocb der Reaktions- 
mecbanismus erklart ware. ' 

Eine Schwierigkeit der Versucbe, die Umwandlungsprodukte 
zu isolieren, lag darin, dass aucb nacb beendigtem Umwandlungs- 
versucb nocb ein Teil der zykliscben Verbindung librig war, 
und bei Extraktionsversucben und anderen Isolierungsverfabren 
zeigte es sicb, dass es sebr scbwierig war, diesen Ruckstand von 
den unbekannten Umwandlungsprodukten zu scheiden. 

In einer friiberen Arbeit (Ekman 1942) konnte gezeigt werden, 
dass wabrscbeinlicb aucb Benzol eine Umwandlung erfabrt; bei 
einem in gewobnter Weise ausgefiibrten Versucbe in vitro, dock 
mit einer Benzolaufscbwemmung als zyklischer Verbindung, trat 
wie bei Versucben mit anderen zykliscben Verbindungen aucb 
bier Urocbrom A auf. 
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Gerade ein Benzolversucb erscbien sebr geeignet, die Ver- 
hilltni&se niiber zu studieren: diircb die Fliicbtigkeit des Benzols 
und seine relative Unloslicbkeit. in Wasser wird man in der Yer- 
suchslOsnng bloss toils das Abbauprodukt der Askerbinsaure 
ncbst Puffer und Katalysator, teils die Umwandlungsprodukte 
des Benzols erbalten. Diese letzteren dUrften wesentlicb andere 
Eigenscbaften habcn als die erstgeriannten Verbindungen. 


YorsticUe. 

Urn die BenzolsJlttigung dor Versuchsliisungen zu gewUhrleisten und 
zuglcich nnch MCglichkeit die VersuchseinricMung der frilheren Versuche 
beizubolmlten, wurdc ein Zwciliterkolbcn folgcndermassen raontiert: 

Ein in die Milndung des Kolbens passender Sttipsel wurde mit zwei 
LOchern verseben, das cine fflr cine Kapillare, deren eines Ende gleicb 
oberhalb des Kolbcnbodcns mUndetc, wlihrend das andere Ende der 
Luft frei in Verbindung stand, das zweite Loch f ® ' 

dosson eines Ende gleich enter dem StOpsel m den ® ’ 

walircnd das andere Ende init einer VLn VereS 

stand. Der Kolbcn wurdo dann etwa zu drei Vierteln mit de 

Ibsungon, die mit dost Wasser verdUnnt 

Benzol gefQllt Schaltete man die 

cine Durchstrumung von Luft, die teiks 7 f 

suchslOsungen sichcrstellte, toils aber auch dure a . ^ Luftstrom 

die Lbsungen mit Benzol siittigte. -Verdunstendes 

entweichendes Benzol vurde im Ktihler kon . Temneratur 

Kolben zuruck. Der Kolben stand im Wasserbad bei emer Temperatur 

Mit dieser Vorrichtung wurden folgende ^ f 

1. Mit oinem Zusatz von 1.5 g 

pH 5 ,b neutralisiert wurde), 272 mg Fcrr.z.trat 

puffer, mit pH 5,8 und einer Versuchsdauer von 48 Stunden. 

2. Wic 1., dock obnc Forrizitrat. v«rK„ph eine dunkel 

In beiden Fiillcn entstand nach abgesc i konnte angenom- 

braunroto Wasserphase und 7,V‘’nd des Vc^ uchs auch als ein Extrak- 
men werden, dass das Benzol wahrend ein<^edanipft vnirde. 

tionsmittel aufgetreten war, weshalb ®7nd^ in welchem nach einiger 
Es bildete sich ein dunkel braunroter R ^ konnte ferner an- 
Zeit nadel- und blattfOrmige Kri^ e au ' Extraktion eine 

genommen worden, dass eine fortp^z , , d.aher mit Salz- 

grOsserc Ausbeutc liefern ^^‘^FlHrsirfcTiSextraktionsapparat mit Ither 
:rhicTroh i"cS "1 Ei„L.p.en .es E«ra«.onsm.«e,s e.p 
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braunroter zSher Ruckstand erhalten, der nach einiger Zeit grosserenteils 
in Nadeln kristallisierte. (Wurde derselbe Versuch ohne Zusatz von 
Askorbinsaure ausgefuhrt, verblieb sowobl Benzol- als Wasseipbase un- 
gefarbt. Wurde in einem Kontrollversuch eine vielfach grossere Benzol- 
menge eingeengt, blieb praktisch kein Riickstand zuriick.) 

In Versiichen in vivo hat JaffR (1909) gezeigt, dass man bei 
Kaninchen, die Benzol eiriverleibt bekommen, Mukonsaure im 
Harn nachweisen kann. Diese Versuche haben bisweilen be- 
statigt werden konnen (Fuchs und Soos 1916 [am Menschen] 
sowie Thierfelder und Klenk 1924), wahrend z. B. Neumaerker 
1923 den jAFFEschen Versuch nicht wiederholen konnte. Einen 
endgultigen Beweis dafiir, dass wirklich cine Umwandlung zu 
Mukonsaure stattfindet, diirften Drummond und Finar (1938) 
erbracht haben, die mit einer wohlkontroHierten Methodik zu 
demselben Ergebnis kamen wie JaffE. Indessen bildeten sich 
nur sehr kleine Mengen; hochstens 1 % des zugefiihrten Benzols 
wurde als Mukonsaure wiedergefunden. 

Seit langem ist es bekannt (siehe Neudauer-Huppert 1913), 
dass man bei Einverleibung von Benzol, doch z. B, auch von 
Phenol, eine Ausscheidung von Brenzkatechin und Hydrochinon 
im Harn beobaehten kann. Als es nun gjilt, die in den oben- 
genannten In-vitro-Versuchen erhaltenen Kristalle zu identi- 
fizieren, wurde deshalb auch in erster Linie untersucht, ob es 
sich bei ihnen um Mukonsaure oder ein Polyphenol handeln 
kbnne. 

Es zeigte sich, dass es nicht Mukonsaure sein konnte, wahrend 
dagegen die Kristalle die tiblichen Polyphenolreaktionen gaben: 
mit Phosphormolybdensaure wurde eine blaugriine Farbe erhal- 
ten, die bei einem Zusatz von Ammoniak tiefblau wurde, mit 
Eisenchlorid und Sulfanilsaure erhielt man eine dunkel braun- 
rote Farbe. 

Es wurde auf verschiedene Weise versucht, die Kristalle aus 
dem braunroten Sirup zu befreien, in dem sie sich bildeten. 
Der einzig gangbare Weg war der, die Masse eintrocknen zu 
lassen und dann zu sublimieren. Es wurde dann ein weisses 
krfetallinisches Sublimat erhalten, das bei der Elementarana- 
lyse Daten lieferte, die vOllig mit denen des Brenzkatechins 
und Hydrochinons ubereinstimmen. (Berechnet fur CoHsO,: C = 
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65,42 %, H — 5,49 %. Im Praparat aus dem Versuch mit Ferri- 
zitrat: 0 = 65,3 /o, H = 5,48 im Praparat aus dem Versuch 
ohne Ferrizitrat: C = 65,35 %, H = 5,47 %. Alles Mittelwerte aus 
Doppelbestimmungen.) 

Die Schmelzpunktbestimmung ergab, dass es sich um ein 
Gemiscb von Hydrochinon und Brenzkalechin handeln muss. 
Der Nachweis dieser Umwandlungsprodukte erhartet, dass das 
Benzol oxydiert worden ist. 

Benzol ist eine wenig reaktionsbereite und recht schweroxyd- 
able Verbindung. Der Nachweis, dass der Benzolkern direkt 
durch Askorbinsiiure oxydiert werden kann, diirfte also ein 
gewisses theoretisches Interesse haben, dock diirfte er auch die 
Annabme rechtfertigen, dass auch in denjenigen Fallen, in denen 
ich eine Umwandlung von Benzolabkommlingen durch Askorbin- 
siiure habe nachweisen kbnnen, eine Oxydation durch die Askor- 
binsaure vorgelegen hat. 

Edlbacher und v. Segesser (1937 a) konnten aus ihren Ver- 
suchen mit Histidin folgern, dass der Imidazolring eine oxyda- 
tive Spaltung erfhhrt. Ob in dem obigen Versuch das Benzol 
v'irklich gespalten worden ist, lilsst sich noch nicht entscheiden; 
eine Spaltung zu Mukonsilure hat jedenfalls nicht erwiesen wer- 
den kdnnen. 

Die V^rsuche mit Indol und AskorbinsSure (Kap. Ill) weisen 
so grosse Ahnlichkeit mit- den Versuchen zur Umwandlung 
anderer zyklischer Verbindungen auf, dass man wohl annehmen 
diirfte, dass es sich auch hier um eine Oxydation handelt. 


Ein denkbares Oxydationspfddukt ware Indoxyi, das aber in vitro 
nicht hat festgestellt werden konnen, und bei den Versuchen in vivo 
trat bei Vitamin-C-Mangel eine gesteigerte _ Indoxylausscheidung em. 
Trotzdem aber konnte man annehmen, dass ein oxydativer 
liegt, dass dieser aber sowohl in vivo als in vitro nicht mit er o s 
Bildung des wenig bestUndigen Indoxyls abgeschlossen ist. les onn 
dann erklhren, wieso in-vivo die Ausscheidung von Indoxy sc ® , 

bei C-Vitamin-Mangel zunimmt: zwar hat eine Oxy a ion zu 
stattfinden kOnnen, fiir die weitere Oxydation aber hat le v r 
AskorbinsSure nicht gereicht. 


10 
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11. Die Fariistofibadimg. 

Wie schon erwUhnt wurde, hat Szent-GvOrgyi (1925, 1930) 
gezeigt, dass die bei ■welkenden PflaRzen auftretende braun- 
sehwarze Farbung ausbleibt, wenn Askorbinsaure anwesend ist. 
Und er erklart dies damit, dass die FSrbung dadureh bedingt 
sei, dass Polyphenole zu Chinonen oxydiert werden, die dann 
durch Kondensation und eventuelle Bindung an die Eiweiss- 
stoffe farbige Verbindungen ergeben. Die Oxydation der Poly- 
phenole wild indessen durch Askorbinshure uerhindert. 

Da hier gezeigt werden konnte, dass es sich bei der Umwand- 
lung zyklischer Verbindungen durch Askorbinsaure um eine 
Oxydation handelt, die, wenn von einer Benzolverbindung aus- 
gegangen wird, gerade zur Entstehung von Polyphenolen fiihrt, 
sowie dass eine solche Oxydation auch bei Pflanzen stattfinden 
kann (Ekuan 1942), liegt es uahe, auch die Urochrom-A-BUdung 
von dem SzENT-GvORGYischen Gesichtspunkt aus zu betrachten. 


Versuclie. 

Aus den LOsungen der vorhin geschilderten Askorbinsdure-Benzol- 
Versuche konnte Urochrotn A in gewohnter "Weise isoliert werden. 

Um den Vergleick mit den nach Szent-GyOrgyis Theorie vorliegenden 
Verhaltnissen weiter zu verfolgen, wurde eine ChinonlCsung mit Ferri- 
zitrat versetzt und 48 Stunden lang ein Luftstrom hindurchgeleitet. Die 
LOsung nahm den gewohnten braunroten Ton an, und es erwies sich als 
mbglich, Urochrom A wie aus dem Askorbinsiiure-Benzol-Versuch zu 
isolieren. 

Auf Grund dieser Versuche wurde folgende Theorie iiber die 
Bildung des Urochroms A aufgestellt: 

Bei der Oxydation zyklischer Verbindungen werden Oxyda- 
tionsprodukte gehildet, die, wenn die zyklische Verhindung ein 
Benzolabkommling ist, Polyphenolnatur haben. Diese Oxydations- 
produkte kbnnen weiteroxydiert werden und liefern dann Vro- 
chrom A, mbglicherweise durch eine Kondensation. Ist indessen 
Askorbinsaure im Vberschuss anwesend, so wird diese Weiter- 
oxydation und damit auch die Vrochrom-A-Bildung gehemmt. 
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TABELLE 54. 

Ztmafime der Polyphenolaitsschcidimg bet Zufuhr von Benzol 
(DruckereiarbcHer ). 

Emrichtung dor Versuclie: Siehe S. 131 und 134, 


■ 

Vor der Vitamin-C* 
Belastung 

Tage nach Beginn der Vitamin-C- 
Belastung 

4 

11 

E 

Briggs 

Anznhl 

Bestimm. 

E 

Briggs 

Anzabl 

Bestimm. 

E 

Briggs 

Anzahl 

Bestimm. 

Kontrolle 







22 Arbeiter 

0,135 

38 

0,11 

20 

0,12 

19 

Benzol 







21 Arbeiter 

0,25 

44 

0,2S 

17 

0,21 

19 


(Die Oxydationsprodukte des Indols und der Imidazolverbindungen 
Bind noch unbekannt. Audi Indol enthUlt jedoch einen Benzolkern, und 
es iBt also denkbar, dass auch diese Produkte Poij'phenolcharakter haben. 
Dagegen gibt die Theorie keine Erklllrung fUr die Entstehung ahnlicher 
Farbstof/e aus Imidazolverbindungen, wenn man nicht voraussetzt, dass 
nach der Bildung von Chinon aus den Polypbenolen eine Spaltung des 
Benzolkerns stattfindet, und dass man lihnliche Spaltungsprodukte aus 
samtiichen zyklischen Verbindungen erhalt.) 

Falls die obige Theorie richtig ist, muss man in vivo folgen- 
des finden: 

1. Bei Zufuhr einer aromatischen Verbindung muss man eine 
gesteigerte Ausscheidung von Polyphenolen im Ham Oder eine 
gesteigerte Ausscheidung von Urochrom A Oder beides nach- 
weisen kdnnen. 

An dem auf S. 131 beschriehenen Material von dem Einfluss 
von Benzol ausgesetzten Arbeitern wurden Polyphenolbestim- 
mungen gemacht. Wie aus Tab. 54 hervorgeht, schieden die 
betreffenden Arbeiter etwa 100 % mehr Polyphenole aus als die 
im gleichen Betrieb arbeitenden, aber nicht den BenzoIdSmp en 
ausgesetzten, zur Kontrolle untersuchten iibrigen Arbeiter. a 
51 auf S. 134 zeigt, dass gleichzeitig auch die Ausscheidung von 
Urochrom A urn etwa 38 % gesteigert war, und ini se en 
schnitt wird gezeigt, dass die Urochrom-A-Aussc ei un^ 
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Abb, 19. Verst&Tkte Ausscheidmg von Polyphcuoleti melt Einverleibung 

von NatriumsaUzylat. 

DerVersuch umfasstzwei Gruppen von jo 4 Meerschiveinchen. Natritim- 
salizylat per os. TligHche C-Vitamingabe; 20 mg dtjrch Injektlon. Tages- 
barnmenge 25 cem. 


Versuciien in vivo aucli nach Einverleibung von Indol, Salizyl- 
saure und Sulfanilamid zunahm. Eine zunehmende Polyphcnol- 
ausscheidung hat ausserdem nach Einverleibung von Phenol, 
Natriumsalizylat (Abb. 19) und Sulfanilamid festgest'ellt werden 
kdnnen (Abb. 19). 


(Bei der Polyphenolbestimmung ah den Benzolarbeitern wurde 
kontrolliert, dass die Harne keine AskorbinsUure enthielten; die 
Steigerung der Urochrom-A-Ausscheidung beliiuft sich bloss auf 
etwa ein Drittel des Anstiega der Polj’phenolaiisscheidung. Die 
Werte der Polyphenolausscheidung konnen also (siehe S. 87) als 
zuveriassig gelten.) 

2. In Skorbutversuchen kann man damit rechnen,. dass das 
aufgespeicherte Vitamin C allmiihlich aufgebraucht wird. Eine 
ZeitUng mrd also die Polyphenolbildung noch fortdanern kbn- 
nen, wenn aber kein C-Vitaminiiberschuss mehr da ist, so sind 
Ihv Oxydation der Polyphenole und erhbhte Uro- 

fortschreitendem Skorbut werden 

dltbeTaf I umgewandelf, 

Polvtreno hilt f allmahlich zu Ende geht, muss die 
yphenolbddung abnehmen und damit auch die Utochrom-A- 
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Abb. 20. Die Ausscheiditng von Sulfanilamid, Polyphenolen xind Vro- 
chrom A wdhrend eines Skorbutversuchs init Meerschweinchen. 

Die Kurven repnisentieren die Mittelwerte aus den Bestimmungen an 
5 Meerschweinchen, die tii^lich 50 mg Sulfanilamid per os bekamen. Der 
Harn wurde in Zw’eitagesperioden gesammelt. Tagesharnmenge 25 ccm. 


Bildung. Ferner wird man mit einer erhohten Ausscheidung 
zyklischer Yerbindungen rechnen konnen. 

Alls Abb. 20, in der die Verhaltnisse bei einer Gruppe von 
Meerscbweincben mit Tagesgaben von 50 mg Sulfanilamid dai- 
gestellt sind, gelit hervor, dass dies aucb zutrifft.^ Mit foit 
schreitendem Skorbut steigt die Sulfanilamidausscbeidung, und 
nach einer voriibergehenden Steigerung der Urochrom A us 
scbeidung im Anfang des Versuches nimmt die Menge des aus 
geschiedenen Urocbroms A und der Polypbenole ab. ^ a. es sic 
bier um einen Skorbutversucb bandelt, bei welcbem kem 
G mit dem Harn ausgescbieden wird, durften a so le 
phenolwerte zuverlassig sein. 
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Abb. 21. Die Au^scheidung von Phenol, Polyphenolcn jind Vrochrom A 
wShrend eines Skorbutversuchs mit Mcerschxveinchen. 


Die Kurven reprSsentieren die Mittelwerte aus den Bestiinniungcn an 
0 Meerschweinchen, die Wglich 168 mg Phenol per os bckamen. Der 
Harn wurden in Zweitagesperioden gesaromelt. Tagesharnmenge 25 ccm. 


Bin analoges Ergebnis ist in Abb. 21 dargestellt. Die betref- 
fenden Tiere bekamen statt des Sulfanilamids tiiglich 168 mg 
Phenol per os. Wahrscheinlich infolge der Giftwirkung des 
Phenols, das bei dem Askorbinsanremangel nicbt verbrannt 
werden kann, Jebten die Tiere in diesem Versuch nur kurze Zeit, 
so dass eine Abnahme der Urochrom-A-Ansscheidung noch nicht 
in Erscheinung treten konnte. 

8 . Bei einer knappen, dock ausreichenden Versorgung mit 
Askorbinsaure wird man eine hohe Ausscheidung von Urochrom 
A fmden kOnnen, da die Askorbinskure zur Polyphenolbildung 
zwar geniigt, dann aber zum Schutz der gebildeten Pohmhenole 
nicht ansreieht. Die Polyphenolausscheidung wird also relativ 
gering sein. 

Bei Einverleibung grosser Mengen von Vitamin C ist eine 
gesteigerte Polyphenolbildung zu erwarten, sowie, da der t)ber- 
schuss an Askorbinskure eine weitere Oxydation der Polyphenole 
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TABELLE 55. 

Der Urochrom-A-lndex bei weckselnder C-Vitmnimufuhr 

WUhrend des ganzen Versuchs bekamen sSmtl. Tiere taglicb 20 mg 
Phenol per os. Die AskorbinsSure wurde durch Injektion einverleibt. 
Wahrend einer einwbchigen Vorperiode wurden die einzelnen Grnppen 
vie wahrend des Versuchs hehandelt. 


Versuchstag 

2 

o 

8 

12 

15 

Askorbinsiture/Tag 

1,6 mg 

(4 Tiere) 

Urochrom-A-Index 

19,5 

m 

19,6 

15,1 

15,1 

AskorbineSure/Tag 

6 mg 

(5 Tiere) 

Urochrom-A-Index 

10,7 

12,1 

11,6 

8,1 

13,1 

AskorbinsS u re/Tag 

24 mg 

48 mg 

(4 Tiere) 

Urochrom-A-Index 

7,0 

12,5 

5,6 

7,4 

8,1 


verhindert, auch eine hohe Polyphenolausscheidung, dagegen 
eine geringe Urochrom-A-Ausscheidung. 

In Tab. 55 ist nur die Urochrom-A-Ausscheidnng verzeichnet, 
die sich aber der gemachten Annahme gemass verhalt: bei ge- 
ringer, doch gegen Skorbut schiitzender AskorbinsMrezufuhr 
ist die Urochrom-A-Ausscheidung zunachst stark gesteigert, 
wird dann aber mit zunehmenden AskorbinsS-uregaben immer 
niedriger. In Abb, 22 und 23 sind die Verhaltnisse bei Zufuhr 
von Hydrochinon und Brenzkatecbin studiert worden. Es zeigte 
sich, dass bei Zufuhr eines Polyphenols die Urochrom-A-Aus 
scheidung stark anstieg, wahrend die Menge des ausgeschiedenen 
Polyphenols im Verhaltnis zii den hohen Polyphenolgaben erne 
nur geringe Zunahme zeigte, so gering, dass man anne imen 
muss, dass die unter normalen Verhaltnissen zu beo acien 
Polyphenolausscheidung nicht durch Hydrochinon o 
katechin bedingt ist. (Berechnet man aus den E-BRiGGS-ner e 
in Abb. 23 die Polyphenolausscheidung als Hydrochionon, 



























Abb. 22. Die Ausscheidung voti Urochrom A und Polyphenolcn im Ham 
bei wechselnder Zufithr von Bremkafechin .und AskorbinsUurc. 

Der Versucb urafasst zwei Gruppen von je 6 Jleorschweinchen, die 
TvShrend des ganzen Versuchs Ulglich 10 g Weisskohl bekamen (ctwa 
10 mg Askorbinsaure entsprechend). 'Weitere AskorbinsUure durch Injek- 
tion (siehe die Abb.). Brenzkatecbin per os. Der Harn vrarde in Zvrei- 
tagesperioden gesammelt. Bei der Polyphenolbestimtnung nach Briggs 
wurde bei der Hydrolyse kupferhaltige Salzsliuie vern’cndet, Tagesharn- 
menge 25 com. 



Abb. 23. Die Ausscheidung von Urochrom A und Polyphenolen im Harn 
bei wechselnder Zuftihr von Eydrochinon und AskorbinsUure. 

Der "Versucb umfasst eine Gruppe von 5 Meerschweinchen. die ■wiibrend 
des ganzen Versuchs tSglich 10 g Weisskohl bekamen (etwa 10 mg Askor- 
binsSure entsprechend). Weitere AskorbinsSure durch Injektion (siehe 
die Abb.). Hydrochinon per os. Der Harn 'wurde in Z'weitagesperioden 
gesammelt. Bei der Polyphenolbestimmung nach Briggs ^vurde kupfer- 
haltige Salzsaure bei der Hydrolyse verwendet. Tagesharnmenge 25 ccm. 
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bGkoiniiit mRii b6i nornialGr Blost siiiG Xa-g6sni6ngG von stwR 
1 mg. Nach Einverleibung von 50 mg Hydrochinon steigt die 
Tagesmenge auf etwa 3 mg.) Bei hohen Askorbinsauregaben 
nahm die Urochrom-A-Ansscheidung ab und die Polyphenol- 
ausscheidung zu. Bei der Hydrolyse des Polyphenolharns wurde 
eine kupferazetathaltige SalzsSure benutzt, um die Askorbin- 
saure als Fehlerquelle auszuscheiden. Ein gutes Kriterium dafiir, 
dass die gefundenen Werte dutch Polyphenole und nicht dutch 
Askorbinsaure bedingt sind, diirfte der Umstand sein, dass in 
Abb. 22 die Polyphenolausscheidung in beiden Gruppen an den 
Versuchstagen 24 — 28 die gleiche ist, trotzdem die eine Gruppe 
seht grosse Mengen Askorbinsaure erhielt, die andere aber nicht. 


Zusammenfassung der Tersuchsergehnisse. 

I. Bei Umwandlung von Benzol dutch Askorbinsaure konnte 
die Bildung von Brenzkatechin und Hydrochinon nachgewiesen 
■werden. 

Es wurde daraus die Folgerung gezogen, dass der chemische 
Verlauf bei der Umwandlung zyklischer Verbindungen dutch 
Askorbinsaure eine Oxydation ist. 

U. In Versuohen, Benzol dutch Askorbinsaure umzuwandeln, 
Hess sich die Bildung von Urochrom A feststellen. 

Wurde dutch eine Chinonlbsung Luft in Anwesenheit von 
Eisen hindurchgeleitet. so entstand Urochrom A. 

Auf Grund dieser Ergebnisse wurde folgende Theorie ftir die 
Bildung von Urochrom A bei der Umwandlung zyklischer Ver- 
bindungen dutch Askorbinsaure in vivo und in vitro aufgestellt: 

Bei der Oxydation zyklischer Verbindungen werden Oxyda- 
tionsprodukte gebildet, die, wenn die zyklische Verbindung ein 
Benzolabkbmmling ist, den Charakter eines Polyphenols haben. 
Diese Oxydationsprodukte kdnnen weiter oxydiert werden und 
liefern dann Urochrom A, mbglicherweise dutch eine Konden- 
sation. Bei Askorbinsaure im Uberschuss jedoch wird diese fort- 
gesetzte Oxydation und damit auch die Urochrom-A-Bildung 
gehemmt. 

Folgende Versuchsergebnisse bestarken diese Annahme: 

Bei Darreichung einer aromatischen Verbindung (Benzo , 
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Sulfanilamid, Salizylsaure, Phenol, [Polyphenole]) steigt die 
Ausscheidung von Polyphenolen und Urochrom A im Earn. 

Bei Skorbut ist eine steigende Ausscheidung aromatischer 
Verbindungen und eine abnehmende Ausscheidung von Poly- 
phenolen festzustellen. Die Urochrom-A-Ausscheidung ist an- 
fangs erhdht und nimmt mit fortschreitendem Skorbut ab. 

Bei einer ausreichenden, doch knappen Askorbinskurever- 
sorgung findet man eine hohe Urochrom-A-Ausscheidung. 

Bei Zufuhr sehr grosser Askorbinsauremengen ist die Aus- 
scheidung von Urochrom A vermindert, die Ausscheidung von 
Polyphenolen gesteigert. 


Besprecliung der Ergehnisse. 

Bei der Besprechung der Ergebnisse aus den Versuchen in 
vitro in Kap. Ill wurde hervorgehoben, dass einige von diesen 
die Annahme motivieren kdnnten, es handle sich sowohl bei der 
Umwandlung der zyklischen Yerbindung als bei der Farbstoff- 
bildung um oxydative Yorgknge. Diese Annahme hat sich nun- 
mehr bestatigt, und der chemische Verlauf ist folgender: 
1) Oxydation der Askorbinsaure, 2) Oxydation der zyklischen 
Yerbindung, 3) Farbstoffbildung durch fortgesetzte Oxydation 
gewisser Produkte aus 2) ohne Mitwirkung der Askorbinsaure. 

Damit finden noch einige weitere Ergebnisse der Versuche 
in vitro ihre Erklarung. 

Es konnte gezeigt werden, dass eine gewisse Ubereinstim- 
mung zvdschen der Oxydation der zyklischen Yerbindung und 
der Farbstoffbildung herrschte, jedoch keine absolute Propor- 
tionalitat. Dies diirfte daran liegen, dass die Yoraussetzung der 
Farbstoffbildung selbstverstSndlich die bei der Oxydation der 
zyklischen Yerbindung gebildeten Produkte sind, dass aber die 
fortgesetzte Oxydation dieser Produkte keinen direkten Zusam- 
menhang mit dem erstgenannten Yorgang hat. 

Ferner hatte die Oxydation der zyklischen Yerbindung ihr 
optimales pH zvdschen 5,4 und 5,8, 'wahrend fur die Farbstoff- 
bildung pH 6,6 optimal war. Dies steht im Einklang' damit, dass 

z. B. Polyphenole bei saurem pH weit stabiler sind als bei 
neutralem. 
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BgI sgIif holiGin tJbGrscliuss sii VitRniin C tr&.t Gins IlGiiinniiig 
in dGT Umwandlung dGr zyklischGn VGrbindung Gin. In dicsGn 
FallGn war nach bGGndigtGm VGrsuch Gin Ruckstand von nicht 
oxydiGrtGr AskorbinsaurG zu vGrzGichnGn. Da die bGobachtGten 
TGilvorgangG, diG Oxydation dGr AskorbinsaurG, diG Oxydation 
dGr zyklischGn VGrbindung und diG Farbstoffbildung, wiG wGitGr 
obGn gGZGigt wordGn ist, im grossen ganzGn nachGinandcr ab- 
laufGn, kann man annGhmGn, dass diesG Hommung darauf bGruht, 
dass nicht allc AskorbinsaurG hat oxydiGrt wGrdGn konuGn und 
dass dahGr dio nach Oxydation dcr AskorbinsfLurc sinsGtzGnde 
Oxydation dcr zyklischcn Verbindungen nicht zum Abschluss 
kommen konntG. 

Die VcrsuchsdauGr ist jcdoch stets so bsmessen worden, dass 
man annehmen darf, dass untcr den obwaltGndcn BedingungGn 
mit durchstrdmGndGr Luft und OGgGnwart GinGs Katalysators 
allG AskorbinsaurG oxydiGrt wGrden kann. Yamamoto (1936) 
indGSSGn hat gGzGigt, dass in cinor Ldsung, dio Adrenalin (also 
Ginen Stoff von PolypiiGnolnatur) und Askorbinsaure Guthalt, 
nicht nur das Adrenalin, sondern auch die Askorbinsaure stabili- 
siert wird. Es ist mdglich, dass etwas Derartiges auch bei den 
Versuchen in vitro stattgefunden hat, dass also bei Anwesenheit 
grosser Mengen Askorbinsaure nach und nach ein gewisses Oleich- 
gewichtsverhiiltnis zwischen den gebildeten Oxydationsprodukten 
(Polyphenolen) und der Askorbinsaure eintritt, wodurch beide 
vor Oxydation geschiitzt werden. 

Dasselbe ist wahrscheinlich in vivo der Pall: Auch dort konnte 
bei grossem Askorbinsaureuberschuss eine Hemmung in der 
Umwandlung der zyklischen Verbindungen festgestellt werden. 


Die wesentlichen Ergebnisse dieses Kapitels durften sich fol- 
gendermassen zusammenfassen lassen: Zyklische Verbindungen 
kbnnen in vivo und in vitro durch Askorbinsaure oxydiert wer- 
den. Die gebildeten Oxydationsprodukte werden bei Askorbin- 
sdure im Vberschuss stabilisiert, wdhrend sie sonst welter oxy- 
diert werden, was zur Bildung von Vrochroni A fiihrt. 



KAP. V. 


Die Oxydation zyklisclier Yerbindimgen diircli 
Askorbinsdiire in yitro liisst sicli erUUren durcli 
die Bildung yon Wasserstoffsnperoxyd Ibei der 
Oxydation der Askorbinsiiure selbst. 

Im vorigen Kapitel konnte gezeigt werden, dass die Umwand- 
lung zyklischer Verbindungen durch Aekorbinskure ein oxyda- 
tiver Yorgang ist. In dem SchrifttumsUberblick in Kap. I wiirde 
die Theorie von Holtz und Triem (1937 a) ervrilhnt, dass sich 
die Desaminierung von Histidin dutch AskorbinsUure dutch die 
von ihnen nachgewiesene Bildung von Wassetstoffsupetoxyd 
Oder anderen Peroxyden bei der Oxydation der Askorbinsllure 
erklUren lasse. Holtz benutzte »die starke Chemiluminiszenz, 
die in LOsungen von 3-aminophtalsUurehydrazid (Luminol) unter 
dem Einfluss von Wasserstoffsnperoxyd bei Gegenwart von 
Spuren katalysierenden HUmins auftritt, zum Peroxydnachweis>. 

In einer zur selben Zeit erschienenen Arbeit vries Huszak (1937) 
die Bildung von Wasserstoffsnperoxyd bei der Oxydation der 
AskorbinsS,ure nach, und er gibt an, dass filr jedes Molektll 
AskorbinsS,ure ein Molekdl Wasserstoffsnperoxyd gebildetvrerde. 
Huszak konstatierte die Bildung von Wasserstoffsnperoxyd da- 
durch, dass 'bei Gegenwart von Cerium(III)hydroxyd eine 
ziegelrote Fa,llung von Cerium (n^)peroxyd gebildet "svurde. Er 
beatimmte die Wasserstoffsuperoxydbildung quantitativ, indem 
er die Sauerstoffentwicklung in einem WAUBURGschen Respiro- 
meter nach Zusatz von Katalase mass. 

In der Literatur finden sich zahlreiche Beispiele dafiir. dass 
zyklische Verbindungen in vitro von Wasserstoffsnperoxyd' oxy- 
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diert werdcn kOnnen. Nach Wieland und ilACRAE (1931) wird 
HarnsJiure oxydiert, nacli Kar (1937) Phenole and Polyphenole, 
nach APvKoli), Aiixold und XiArssox (1940) Naphtalin. Paper 
(1932) zeigte, dass Thyrosin, Thyramin und Phenylalanin durch 
Wapserstoffeuperoxyd mit Ferrosulfat als Katalysator zu Di- 
hydroxyphenylalanin, Dihydroxyathylphenylalanin und Thyro- 
sin oxdiert werden. James (1940) oxydierte in gleicher Weise 
Sulfanilamid und Sulfapyridin unter Bildung eines roten Farb- 
etoffes. 

Yon besonderem Interesse eind Leeds (1881) Untersuchungen, 
in denen er zeigt, dass Benzol bei Kochen mit Wasseretoff- 
superoxyd unter Bildung von Phenol und OxalsUure oxydiert 
■«ird. Die Oxydation ftihrte also in diesem Falle zu einer Spal- 
tung des Benzolringes. 

Leeds Ergebnisse warden von Cross, Bevan und Heiberg 
(1900) bestiltigt. Sie erhielten unter ilhnlichen VerhUltnissen, 
doch unter Yerwendung von Ferrosulfat als Katalysator und 
mit grOsseren Wasserstoffsuperoxydmengen eine gute Ausbeute 
an Phenol und Brenzkatcchin sowie kleine Mengen Hydrochinon. 

Diese Resultate stimmen mit der im vorigen Kapitel gemach- 
ten Beobachtung Uberein, dass bei der Oxydation von Benzol 
durch Askorbinskure Brenzkatcchin und Hydrochinon gebildet 
werden. 

Es erschien daher naheliegend, dass auch bei der Oxydation 
von Benzol durch Askorbinskure das Oxydationsmittel "Wasser- 
stoffsuperoxyd gewesen sei. Um die Richtigkeit dieser Annahme 
zu prUfen, wurde folgender Versuch gemacht. 


Yersuch. 

In derselben Apparatur, die im vorigen Kapitel fUr den Benzol/Aekor- 
binsaureversuch benutzt worden war, wurde eine wfissrige LOsung.von 
Wasserstoffeuperoxyd und Ferrosulfat mittels Durchleitung von Stickstoff 
mit Benzol gesUttigt gehalten. In Abstllnden von einigen Stunden -mirden 
vreltere Mengen Wasserstoffsup’eroxyd und Katalysator zugesetzt (jedesma 
1 cem von Mercks 80 % Perhydrol pro analysi und 100 mg Ferrosulfat). 
Sehr bald trat dieselbe Fllrbung der Benzol- und Wasserphase auf, die 
im Benzol/AskorbinsKurevereuch zu beobachten gewesen war, und nach 
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24 Stunden wurde durch Eindampfen dcr Eenzolschichl iind Athcrexlrak- 
tion der angesUuerten Wasserphase cin lihnlichcr braunroter, t<;ilwei?c 
kristallislorender Sirup erlialten. Aub dicscm wurdc durch Sublimicrung 
ein Prilparat gewonnen, das die dblichen Polyphcnolreaklionen crgab. 
Durch Extraktion des Prliparats mit kaltem uiul wamiem Benzol konntcn 
Brenzkatechin bzw. Hydrocbinon isolicrt und durch Schmclzpunktbestim- 
mung identifiziert wcrden. 

Auch in diesem Fallc war somit Bronzkatcchin und Hydrocbinon 
gebildet worden. Aus dcr Wasserphase wurde Urochrom A isolicrt. 


Zusammcnfnssung dcr Ycrsucbscrgebnissc. 

Mit der gleichen Versucliseinrichtiing wie bei der Oxydation 
von Benzol durch Askorbinshure vurdo cine Oxydation von 
Benzol durch Wasserstoffsuperoxyd nachgewicsen. In beiden 
Fallen liessen sich die gleichen Zwischenprodukte, nilinlich 
Brenzkatechin und Hydrocbinon, und dasselbe Endprodukt, 
namlich Urochrom A, isolieren. Da ausserdem sowohl Holtz als 
Huszak auf verschiedene Weisc gezeigt haben, dass bei der 
Oxydation der Askorbinsiiure Wasserstoffsuperoxyd gebildet 
wird, erscheint der Schluss berechtigt, dass die Oxydation 
zyklischer Verbindungen durch Askorbinsiiure in vitro auf die 
Bildung von Wasserstoffsuperoxyd bei der Oxydation der 
AskorbinsSure selbst zuriickzufiihren ist. 


Besprechung tier Ergebnisse. 

In Kap. Ill wurde gezeigt, dass Ferrizitrat bedeutend vStilrker 
katalysierend auf die Umwandlung aromatischer ^'e^bindungen 
einwirkte, als Ferrochlorid und KupferazetaL Wahrscheinlich 
liegt das daran, dass das dreiwertige Eisen die Askorbinskure- 
oxydation katalysieren kann, wobei es selbst zu zweiwertigem 
reduziert wird, und dass es dann in dieser Form die Oxydation 
der aromatischen Verbindung durch Wasserstoffsuperoxyd kata- 
lysieren kann. Kupfer katalysiert zwar die Oxydation der Askor- 
insaure, diirfte aber dem Schrifttum nach nicht in so hohem 

Grade wie Eisen Oxydationen durch Wasserstoffsuperoxyd kata- 
lysieren. 

Wasserstoffsuperoxyd ist ein st-arkes, doch wenig spezifisches 
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Oxydationsmittel, und dies befindet eich im Einklang mit der 
Fahigkeit der Askorbinsaure, Verbindungen sehr unterschied- 
licher Zusammensetzung anaugreifen. 

Ferner sei daraa eriimert, dass. Abdeehalden in seinen auf 
S. 24 referierten Versuchen fand, dass Aminosauren auch duroh 
Dehydroaskorbinsaure desaminiert werden konnen. Die LSsungen 
der Dehydroaskorbinsaure wurden indessen so dargestellt, dass 
Askorbinsaurelosungen einer leichten Oxydation ausgesetzt wur- 
den. Die von Abdeehalden beobachtete Desaminierung diirfte 
also nicht auf den Einfluss der Dehydroaskorbinsaure zuriick- 
gehen, sondern eher auf zurilckgebliebenes Wasserstoffsuper- 
oxyd, das bei der Oxydation der Askorbinsaure gebildet worden 
war. Ahnlich scbeint es in meinen auf S. 105 referierten Unter- 
suchungen tiber die Umwandlung aromatischer Verbindungen bei 
wechselnder Versuchsdauer gewesen zu sein: auch nachdem alle 
Askorbinsaure irreversibel zerstbrt ist, dauert die Umwandlung 
der aromatischen Verbindungen an. Die Umwandlung muss hier 
also entweder durch zurilckgebliebenes Wasserstoffsuperoxyd 
Oder durch eine andere Oxydationsstufe der Askorbinsaure als 
Dehydroaskorbinsaure bewirkt worden sein. 

Es scbeint, als liessen sich die Ergebnisse in vitro durch die 
Annahme erklaren, dass die Umwandlung eine Oxydation duroh 
gebildetes Wasserstoffsuperoxyd sei, doch hat sich kein Beweis 
dafur erbringen lassen, dass der Verlauf in vivo derselbe ware. 
Sowohl in vitro als in vivo ist indessen gezeigt worden, dass 
aromatische Verbindungen durch Askorbinsaure oxydiert wer- 
den. In beiden Fallen konnte die Bildung von Polyphenolen 
und Urochrom A nachgewiesen werden, und zwar uhter gleich: 
artigen Verhaitnissen. Es herrscht also weitgehende Uberein- 
stimmung zwischen den Verhaitnissen in vitro und in' vivo. 

Eine Diskussion der prinzipiellen Frage, ob das Wasserstoff- 
superoxyd im biologischen Oxydationsverlauf eine Rolle spiele, 
liegt ausserhalb des Rahmens dieser Arbeit. Nur einige Unter- 
suchungen, welche die Oxydation zyklischer Verbindungen durcb 
Askorbinsaure betreffen, seien im folgenden referiert. 

In seinen schon erwahnten Untersuchungen konnte Hdszak 
(1937) die Rolle der Askorbinsaure im Oxydationssystem der 
sog. Peroxydase-Pflanzen nachweisen, und er fasst seine Arbeit 
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'wie folgt zusammen.: »Iiii Safte der Pcroxydase-Pflanzen reagiert 
der Sauerstoff mit der AskoibinsUureoxydase, er oxydiert ein 
Molektii von Askorbinsdure unter gleicbzeitiger Bildnng von 
einem Molektii Peroxyd reversibel. Das Peroxyd oxydiert nun 
unter Vermittlung der Peroxydase einen Benzopyranfarbstoff, 
■welcb letzterer wieder ein weiteres Molektii Askorbinsllure 
reversibel oxydiert. Hierdurcb werden nun alle vier Yalenzen 
des Sauerstoffmolektils zur Oxydation der Askorbins'lure nutz- 
bar gemacht, welch letztere nun wieder durch die Dehydrasen 
bzw. ihren Wasserstoff, event, unter Vermittlung von SH-Grup- 
pen reduziert werden kann.» 

In eigenen Untersuchungen (Ekuan 1942) ist indessen gezeigl 
worden, dass Phenol bei Pflanzen (Kresse) durch Aekorbinstiure 
entgiftet wird, und es erscheint mtiglich, dass diese Entgiftung 
dadurch eingetreten ist, dass statt eines Benzopyranfarbstoffs 
das Phenol von dem gebildeten Wasserstoffsuperoxyd oxydiert 
worden ist. Hierdurch vdirde zwar die durch den oxydierten 
Benzopyranfarbstoff bedingte Oxydation anderer Askorbinstiure- 
molektile fortfallen. Allem Anschein nach gibt es aber aus- 
reichende MtJglichkeiten ftir die Askorbinstiureoxydation im 
System Sauerstoff- Askorbinstiureoxydase. 

Eine andere denkbare MOglichkeit ist, dass bei Gegenwart von 
Benzopyranfarbstoffen diese gemiiss der Auffassung Huszaks 
oxydiert werden, dass sie aber spllter nicht nur Askorbinstiure 
oxydieren ktinnen, sondern beispielsweise auch zyklische Yer- 
bindungen. Die Benzopyranfarbstoffe ktinnten also als 5>nicht~ 
enzymatische Zwischenkatalysatoren*’ sowohl ftir die Askorbin- 
stiure selbst als auch ftir andere Stoffe auftreten. 

Gegen alle Yersuche, dem Wasserstoffsuperoxyd eine Eolle 
im lebenden Organismus zuzusprechen, ist der Einwand erhoben 
worden, das Vorhandensein von Katalase mtisse eine Aus- 
ntitzung eventuell gebildeten Wasserstoffsuperoxyds unmtiglich 
machen. Huszak konnte indessen in seiner Arbeit zeigen, dass 
die Oxydation eines Benzopyranfarbstoffs durch Wasserstoff- 
superoxyd in Gegenwart der normal in Pflanzen vorkommenden 
Peroxydase- und Katalasemengen stattfinden konnte. Ob ent- 
sprechendes in bezug auf die hier untersuchten zyklischen Yer- 
bindungen gilt, mussen weitere Untersuchungen ausweisen. 
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Die Entstehung^ von Wa^serstoffsuperoxyd bei der Oxydation 
von Askorbinsiiure ist auch mifc einer anderen Gruppe von Unter- 
suchungcn in Znsnmnienhang gebracht worden. 

Bincoei) (l?a4) koniitc T.eigen, dass boi Einwirkung von Wasserstoff- 
Miporoxyd in alkalifcher Liipnng auf IlUniin ein roter Farbstoff, das 
Pcntdyopenk ont,«t(;ht. und ferner, dass auch Hilmoglobin in gleicher 
Weisc angcgriffcn worden kann. Bingoud fand weiter in ikterischem Ham 
cine Vorstufe diese? Pentdyopents und nahm an. d.ass der K.atalasegehalt 
des BlutCP gewiJhnlich cinen ScJiutz gegen einen solchen Abbau von 
IBimoglobin durch ^Vasser^toff.‘^upe^oxyd in vivo darstelle. 

LKMni:r.o ct al. fanden, dass H.'imoglobin (odcr HJimoglobin- 

.nbkonindingc) und AskorbinsHure boi Gegenwart Von Sauerstoff der 
Luft cine gokop})olto Roaktion durclunaclien, die zur Bildung von Vlirdo- 
hSmatin fUlirt, 

Et>i-!iACiir,p. und v. Sr.Gr_«si:it (IP.ST b) haben gezeigt, dass bei der Di- 
gestion gott'achsener F.rythrozyton bei Gegonvart von Askorbinsihire in 
Pimsphatpiifk-r pll “ 7.e In'! 3S^ miter Durclilciten von Sauerstoff ein 
grflnor Farbstoff entstand, dor zwar nicht frei von Eisen erhalten verden 
konnto, trotzdem .nbor als ein Gallcnfarbstoff angesehon werden durfte. 

BtKooi.t) hebt hervor.d.ass bei Oxydation von Askorbinsilure nach 
Horn und - Tint;}! (1937 a) IVasseratoffsiiperoxyd entsteht, und er ver- 
gieiclit dnher Lemiskros sowie EDUuciir.R und v. Seoksers Arbeiten tlber 
die Oxydation des H.^moglobins (und von Derivaten desselben) durch 
AskoriunsiUire niit scinen eigenen Untersuchungen, bei denen das Oxyda- 
lionsniitto! statt dcssen nus Wasserstoffsuperoxyd bestand. Er nimmt an, 
dass etwas Ahniiches in vivo gesebehen kbnne, indem die Kat.alasehem- 
mung der WasFcrftoff.«uperoxydoxydation nnter gewissen Umstilnden 
n-eniger stark sci, und dass also die Askorbinsilure fiir die Bildung von 
Gallenfarbstoffen .aus dem Hilmoglobin von Bedeutung -n’iire. 


/« dicsem Kapitcl wird gezeigt, dass die Oxydation zyklischer 
Verbindungeti durch Askorbinsdurc in vitro auf die Bildung von 
Wasserstoffsuperoxyd bei der Oxydation der Askorbinsdure 
selbsi zurilckgefiihrt werden kann. 

Bs wird an den in friilteren Untersuchungen von Yerfasser 
gefiihrtcn Nachweis erinnert, dass Phenol auch bei Pflanzen 
durch Askorbinsdure entgiftet wird. Dieses Ergebnis wird mit 
der Hu.szAK.-?c/tc?« Theorie iiber das Oxydationssystem der Peroxy- 
dase-Pflanzen zusammengestellt. Es wird die Annahme gemacht, 
dass das bei der Oxydation von Askorbinsdure gebildete Wasser- 


11 



162 


BIRGER EKMAN 


stoffsuperoxyd entweder direkt oder dnrch Vcrmiitlung von 
Benzopyranfarbstoffen zyklische Verbindungen oxydiert (in 
beiden Fallen unter Mitwirkimg von Peroxydase). Dicselbe 
Theorie Hesse srch dann auch mif die hier vorgelegten Ergebnisse 
aus Tierversuchen anwenden. 



ICAR VI. 


Die Oxydation von zyklisclieii YerMndimgen 
durcli Askorbinsiiiire in vivo Msst sich durcli 
Zufiilir von Tcgetabilien aktivieren, die ein 
askorbinsdnreoxydierendes System enthalten. 

Wie im vorigen Kapitel gezeigt wurde, liisst sicli die Oxyda- 
tion von zyklischen Verbindungen in vitro durcb die Bildnng 
von Wasserstoffsuperox)'d bei der Oxydation der Askorbinsiiure 
.solbst orklilren, Bs wiirde auf Huszaks Tkeorie von der RoUe der 
Askorbinsilure bei den sog. Peroxydase-Pflanzen hingewiesen 
und betont, dass diese mit gewissen VerS-nderungen auch auf die 
oben vorgelegtcn Tieri'ersuche Anwendung linden kdnne. 

Xach dieser Tlieorie Avare die Askorbinsilure ein Glied in einem 
komplizierten Oxydationss5’'stem, bes-teliend aus einer Askor- 
binsiiureoxydase. einer Peroxydase, einem nichtenzymatischen 
Zwiscbenkat-alysator und einem Regenerationssystem fiir die 
Askorbinsilure. Kleine Mengen Askorbinsilure liessen sich auf 
diese Weise fiir die Oxydation zyklischer Verbindungen ge- 
brauchen und, vorausgesetzt, dass die Regeneration in einer 
Reduktion der Dehydroaskorbinsaure durch Vermittlung ver- 
schiedener Dehydrasen bestilnde, auch fiir den allgemeineren 
Oxydationsvorgang. Es erscbeint mdglich, ein solches System in 
In-vitro-Versuchen aufzubauen, um die Annabme evti. zu besta- 
tigen, dass auch zyklische Verbindungen in diesem System 
oxydiert werden. Solche Versucbe werden im Zusammenhang 
mit anderen Untersuchungen zur Ausfiihrung kommen. 

Von grdsserem Werte zur Bestiltigung der Annahme ware 
indessen der Nachweis, dass sich in vivo der Umsatz zyklischer 
Verbindungen durch Zufuhr eines anderen Bestandteils dieses 
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Systems als Askorbinsiiure beeinflussen liessc. In diesem 
Zusammenhang rniissen die WAcnnoLDEuschen Untersuchungcn 
genannt werden. 

Wachholder (1940) legte eine neuc Tlieorie tiber die Bcdeu- 
tung des Vitamins C vor. Er lehnte die oft gehbrte Beliauptung 
ab, dass man dem Organismtis grosso Mengen Askorbinsiiure 
zufuhren miisse, urn ein stark reduzierendes Milieu in den Gewo- 
ben aufrechtzuerhalten, und betonte, dass es statt desson S'dar- 
auf anlrommt, dass der Verbraucb (Uinsatz) des Vitamins niebt 
unter ein gewisses Mass 6inkt». Es gilt dabei mi( der Ivost nicht 
nur Askorbinsaure zuzufiihren, sondern aucli'solche Stoffe, 
welche die Askorbinsaureoxydation fordern kcinncn. 

Wachholder gibt folgcndc Belegc filr seine Ansichl: 

^ 1. Lauber und Berrsin (J939) berichten, dnss ein Skorbutpatient, der 
Askorbinsaure einverleibt bekam, die voile Mcngc wieder ausschied und 
koine Besserung zeigte, bis or ausserdem cine Bluttransfusion erhielt, 

2. Ein Polarforscher, der von C-vitaminarmer Host Icbte, jedoch tSg- 
lich 100 mg AskorbinsiUiie ass, bekam trotzdem typisch skorbutisclic 
Erscheinungen, die erst verschwanden, als er Obst und Gemiise bekam. 

3. Wachholder konnto in eigenen Versiiclien zeigen, dasa man bei 
Verabfolgung einer gewissen Tagesgabe Vitamin C als Askorbinsiiure 
eine weit stUrkere Ausscheidung im Ilarn erzielto, als wenn dicselbe 
Menge in Form von Gemtise einverleibt mirde. 

Gegen diesen Versuch liesse sich jedoch cinwenden, dass bei Zutulir 
von.Vitamin C beispielsweise in Form von askorbinsilurco-xydasehaltigen 
Gemilsen vielleicht schon bei dor Resorption A.'tkorbin.'siliireverluste ent- 
stehen, die verminderto Ausscheidung im Ham erklaren kOnnten. Wach- 
holder (1942 a) konnte indessen zeigen, dass Spcichel, Magensaft und 
Duodenalsaft Stoffe enthielten, welche die AskorbinsSure auch bei Gcgen- 
wart von Askorbinsiiureoxydaso vor Oxydation schUtzten. 

4. Femer fand Wachholder, dass von 28 Paradentosepatienten nur 
60 % bei Zufuhr von Askorbinsiiure eine Besserung zeigton. Es erwies 
sich indessen, dass die Askorbinsiiureausscheidung im Harn bei denen, 
din geheilt wurden, bedeutend geringer war als bei den Versagera. Das 
heisst, dass die Versager die verabfolgte Askorbinsiiure nicht haben aus- 
niltzen konnen, sondern sie mit dem Harn ausgeschieden hahen. 

Von den WAcnuoLDERschen Untersuclumgen ausgehend, er- 
schien es also moglicb, die Wirkungsweise der AskorbinsiUire in 
vivo durcb Zufuhr von Pflauzen, die ein askorbinsaureox 5 ’^dieren- 
des System enthalten, noch weiter zu beleuchten. Urn die Fehler- 
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quellen zu vermeiden, die durch eine unterschiedliche Resorption 
synthetischer Askorbinsaure und vegetabilischen Yitamins C 
bedingt sein kbnnten, mtissen indessen die Untersxicbungen iiber 
den C-Vitaminumsatz an Versiichstieren ansgefubrt werden, die 
samaich gleich grosse Mengen Askorbinsaure durch Injektion 
bekommen. An diesem Material kann man dann in Erfahrung 
bringen, inwieweit sich die Ausscbeidung durch Zufuhr von 
Askorbinsaureoxydatoren beeinflussen lasst, Man kann also 
iinter kontrollierten Verhiiltnissen ein Bild vom Verbrauch des 
Vitamins C gewinnen, und ferner, indem man gleichzeitig den 
Umsatz einer zyklischen Yerbindung studiert, objektiv beur- 
teilen. ob ein etwa gesteigerter C-Vitaminverbrauch aiich mit 
gesteigerter Funktion verkniipft ist. (Eine gesteigerte Funktion 
muss sich dann nach meinen oben vorgelegten Ergebnissen als 
eine verstarkte Oxydatiou der zyklischen Yerbindung aussern.) 


Experimentelles. 

Die Yersuche T^snirden folgendermassen variiert: 

1. Meerscbweinchen bekamen durch Injektion taglich eine 
bestimmte Menge Askorbinsaure und SulfaniJamid. Ein Teil der 
Tiere bekam ausserdem askorbinsaureoxydasereiche Vegeta- 
bilien (Gurke und Kurbis). Wie aus Abb. 24 a und b hervorgeht, 
findet man bei den mit Gurke gefiitterten Tieren eine vermin- 
derte Askorbinsaureausscheidung und zugleich eine verminderte 
Sulfanilamidausscheidung (einer gesteigerten Sulfanilamidver- 
brennung entsprechend). Der Unterschied tritt sowohl bei gros- 
seren als bei kleineren Askorbinsauregaben hervor. Reicht man 
statt der Gurke Kurbis, der im Yerhaltnis zur Gurke viermal 
armer an Oxydase ist, so steigt die Ausscbeidung sowohl der 
Askorbinsaure als des Sulfanilamids auf den Stand der Kon- 
trolltiere. 

2. Meerschweinchen bekamen taglich eine gleichbleibende 
Menge Sulfanilamid. Durch Skorbutkost -wurde eine erhohte 
Sulfanilamidausscheidung herbeigefiihrt. Verschiedene Gnippen 
der Tiere bekamen dann gleich grosse Mengen Vitamin C, und 
zwar toils in Form von synthetischer Askorbinsaure, teils m 
Form von askorbinsaurereichen Vegetabilien, die ausser em ein 
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Abb. 24 a und b. Die Einwirhmg von askorbinsQurcoxt/daschaltigcn 
Vegetabilien aiif die Ausscheidung von AskorbinsSiirc (a) und 
Snlfanilamid (b) im Ham. 


Der Versuch \mrde an zwei Gruppen von 4 (Gnippe I) bzw. 3 (Gruppo 
n) Meerschweinchen durcbgefiihrt. SUmflicho Tiere bekamen tJiglich 30 mg 
Snlfanilamid per os. AskorbinsUure durch Injoktion (siebe die Abb.). 
Jeden zweiten Tag wurde der Ham zur Bestimmung der AskorbinsUure 
gesammelt., damit abwechselnd jeden zivciton Tag zur Bestimmung von 
Snlfanilamid. Zwei Tage — eine Versucbsperiode. Von den dargereicliten 
Vegetabilien hatte Scblangengurke cinen 4mal hbheren Oxydasegebalt als 
KUrbis. 

askorbinsaureoxydierendes System enthalten. Wie aus Abb. 25 
■und 26 hervorgebt, zeigt die Sulfanilamidausscbeidung bei den 
mit Vegetabilien gefutterten Tieren stets eine starke Abnahme, 
wahrend die Tiere, die synthetische Askorbinsiuire bekonunen, 
entweder nnveranderte Oder nur wenig kleinere Sulfanilamid- 
mengen ausscbeiden. 

Sowobl in den Versuchen nach 1. wie nach 2. wurde die Ein- 
wirkung relativ grosser Kupfer- und Eisenmengen untersucht. 
Keines dieser Metalle ubte jedocb einen Einfluss auf die Aus- 
seheidung von Askorbinsbure Oder Snlfanilamid aus. 
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Zusammcnfassung Yersuchsargetoissc 

Bei Meerschweinchen, von Vegetn- 

md SulfanBaraid bekamen, koBnte Ausscheidung 

)ilien, die Askorbinsaureoxy gesenkt -werden. 

;owohl der Askorbinsauie als des ^erstarkter Verbraneh 

Dies diirfte bedeuten konnen, d upo-ieitet von einer vennebr- 
.on Vitamin C stattgefunden hat, begleitet 

ben Sulfanilamidoxydation. 

Besprecliung. 

WAOHHO.DER (1942 b) fasst iio ' 

tion der Askorbinsaure MS^^lichkeit erscheint jedoch 

(1. Durch Autoxydation. Di ° glaubhaft.) 

unter physiologischen Bedingungen weni. 
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2. Katalyse durcli Schwermetolle (Eisen iind Kupfer). 

3. Dutch eine spezifische Askorbinsiiureoxydase. 

4. Eine indirekte Oxydation dutch Phcnole hzNV. Flavone 
(Benzopytanfarbstoffe), nachdem diese zuvor dutch Polyphe- 
nolase bzw. dutch Petoxydase und Peroxyde oxydiert worden 
waten. 

5. Dutch das System Cytochtom und Cytochrom-(Indophenol-) 
Oxydase odet dutch Hamoglobinabkommlinge. 

In den obigen Vetsuchen liess sich der Verbtauch von V ita- 
min C dutch Datteichung von Vegctabilien (Gutke, Salat Oder 
Weisskohl) beeinflussen, wahrend die Zufuhr von Eisen und 
Kupfer ohne Einwirkung blieb. 

Die allgemeine Ansicht diirftc sein, d.ass Askorbinsiiureoxy- 
dase eine Ehveisskomponente enthiilt, wcshalb es undenkbar 
erscheint, dass ein solches Enzym in unverilnderter Gestalt im 
Organismus resorbiert werden und virksam sein sollte. Wenn 
es sich datum handelt, die oben aufgeziihlten Jloglichkeiten flit 
eine Oxydation der Askorbinsiiute mit itgendeinem in den vcrab- 
folgten Vegctabilien enthaltenen Stoff in Verbindung zu bringen, 
so erscheint als einzige Moglichkeit die Annabme, dass sie ein 
Phenol Oder einen Benzopyranfarbstoff enthalten haben. der in- 
direkt eine Oxydation hat herbeifuhten konnen. 

In der Einleitung dieses Kapitels wurde die Absicht ausge- 
sprochen, Belege dafiir zu finden, dass Huszaks Tlieorie fiir 
den Askorbinsaureumsatz der Peroxydasepflanzen auch auf den 
Saugetierorganismus anwendbar sen 

Huszak konnte zeigen (siehe S. 160), dass die Oxydation von 
Askorbinsaure in einem Peroxydasesystem ilhnlich dem der sog. 
Peroxydasepflanzen in sehr hohem Grade dutch Zufuhr von 
Benzopyranfarbstoffen gesteigert werden konnte. Dieselbe Stei- 
geiung, obwohl in geringerera Grade, konnte indessen auch mit 
einfacheren Phenolen, z. B. Brenzkatechin und Hydrochinon, 
erzielt werden. In den hier vorgelegten Vetsuchen ist es ge- 
lungen, die Oxydation von Askorbinsaure bei Meerschweinchen 
durch Darreichung von Vegetebilien zu beeinflussen, die solche 
Verbmdungen enthalten, die nach der HuszAXschen Tlieorie wirk- 
sam Sind. Bei der Besprechung dieser Tlieorie wurde indessen 
auf die Moglichkeit hingewiesen, dass die von Huszak als nicht- 
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enzymatische Zwischenkatalysatoren aiifgefassten Benzopyran- 
farbstoffe sowohl in die Oxydation der Askorbinsiiure als z. B. 
in diejenige zyklischer Verbindungen eingreifen konnten. 

Gcwisse Beobachtungen im Laiife der experimentellen Arbeit 
scheinen in diesem Sinne gedeutet werden zu konnen. 

In dem Versnch (S. 166), in dem die Ausscheidung von Askor- 
binsaure bei Mecrscinveinchen mit iind ohne Zufuhr von Askor- 
binsaureoxydatoren verglicben wnrde, bekaraen die Tiere ira 
Verlauf des Versuchs wechselnde JMengen Askorbinsaure. Es 
zeigte sicli da, dass der C-Vitaminumsatz anch durch blosse 
Zufuhr grosser AskorbinsUuremengen gesteigert werden konnte. 
(Eeichte man nilmlich 20 mg tiiglich, so warden im Earn 1 — 2 
mg ausgescbieden, bei Tagesgaben von 100 mg wiirden 25 — 40 
mg ausgescbieden. In dem ersteren Falle haben die Tiere also 
etwa IS mg tiiglich verbraucht, im letzteren Falle 60 — 75 mg.) 
Dieter gesteigerte Vitamin-C-Verbrauch hafcte indessen keine 
entsprechend gesteigerte Yerbrenming der zyklischen Verbin- 
dung im Gefolge, wenn nicht die Tiere ausserdem askorbin- 
silureoxydasehaltiges Material und damit auch Zwischenkataly- 
sateren bekameii. In diesem Znsammenhang sei an den Befund 
in Kap. Ill erinnert, dass niimlicli die Zufuhr grosser Askorbin- 
silureniengen entweder keinen Binfluss auf den Umsatz der un- 
tersuchten zyklischen Verbindung hat Oder dass dieser Umsatz 
bei extrem holier Zufuhr von Askorbinsaure eine Hemmung 
zeigte. 

Zusammenfassend diirftc man also sagen konnen, dass ein 
gesteigerter C-Vitaminumsatz an und fiir sicli keine Steigerung 
einer bCvStimmten Funktion des Vitamins C, niimlich der Oxyda- 
tidn zyklischer Verbindungen, im Gefolge zu haben braucht. 
Eine Steigerung sowmlil des C-Vitaminumsatzes als der Oxyda 
tion der untersuchten zyklischen Verbindung konnte indessen 
durch Zufuhr yon askorbinsaureoxydasehaltigem Material e- 
wirkt werden. Es konnte wahrscheinlich gemacht werden, ass 
diese Beeinflussung des C-Vitaminumsatzes auf dem or an 
densein von Benzopyranfarbstoffen oder anderen to en, le 
nach Huszak als nichtenzymatische Zwischenkatalysatoren au ^ 
treten konnen, zuruckzufuhren ist. Es erscheint ^ 

diese Katalysatorwirkung nicht nur die Oxydation er 
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binsaure, sondern auch dio Oxydatioii der zyklischen erbin- 
dung betrifft. 

Diese Anschauung liesse sich auch mit einigcn andcren C- 
Vitamiuproblemen in Zusammenliang bringen. 

Seit Szent-GyOrgyi (1932) gezeigt hat, dass das Vitamin C 
mit der Askorbinsaure identisch iat, sind in der Literatur mehr- 
fach Angaben erschienen, die dabin gingen, die Bynthctische 
Askorbinsaure sei nicht ebenso wirksam wie das »natilrliche» 
Vitamin. Ein solcher Unterschied besteht selbstverstilndlich 
nicht, dock sind mehrere Entersuchungen verbiientlicht worden, 
die darauf hindeuten, dass in pflanzlichem Material neben der 
Askorbinsilure noch ein anderer Faktor vorhanden sei, der die 
Wirkung des Vitamins C aktivieren kOnnte. Solche fHilfsvita- 
mine» sind v. Eulers (1934) Faktor I und Szent-Gyorgyis et al. 
(1936) Citrin. Citrin enthdlt gerade Benzopyranfarbstoffc, und 
es ist wohl moglich, dass auch der Faktor I zu den oben be- 
sprochenen Zwischenkatalysatoren gehOrt. 

Die Schvfierigkeit vfar bisher nur die, dass man kcinen objek- 
tiven Beweis fUr die Existenz dieser Hilfsvitamine bat crbringen 
kbnnen. Es scheint, als ob die oben vorgelegten Untersuchungen, 
in denen es gelungen ist, den Umsatz einer zyklischen Verbin- 
dung durch einen Faktor zu beeinflussen, der in den Askorbin- 
sS,ureumsatz eingreift, einen solchen Beweis darstelltcn. Es sind 
Untersuchungen im Gange, um unter Verwertung der »Oxyda- 
tion zyklischer Verbindungen durch Askorbinsilurc» aJs Test 
den Charakter der im Zusammenhang mit der Askorbinsllure- 
oxydase vorkommenden nichtenzymatischen Zwischenkatalysa- 
toren als Hilfsvitamine der Askorbinsilure niiher zu untersuchen. 

Bei Untersuchungen tiber verschiedene Probleme, die mit dem 
Vitamin G zusammenhSngen, haben sog. Belastungsversuche 
grosses Interesse erregt. Man hat eine gewisse Tagesgabe 
Askorbinsilure einverleibt und dann untersucht^ wie lange diese 
Gaben verabfolgt werden mussten, bis ein gewisser Prozent- 
satz der einverleibten Menge im Harn ausgeschieden wurde. 
Soweit auf diese Weise ein Bild von der C-Vitaminsilttigung 
des Individuums gewinnen woUte, scheint man hier eine wesent- 
liche Fehlerquelle ganz vernachlkssigt zu haben, nilmlich den 
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u. a. hier aufgezeigten Einfluss von in der Kost enthaltenen 
Stoffen, welclie die C-Vitaminoxydation beeinflussen konnen. 

(Bei den weiter oben referierten Belastungsversuchen von 
Forssman und Frykholm (S. 131) liegen die Dinge anders. Dort 
sollte gerade ein gestoigerter C-Vitaminverbra.uch nach Einver- 
leibung von Benzol nacbgewiesen werden. Der gesteigerte C- 
Yitaminverbrauch ilnsserte sich in einer Verliingerung der 
Zeitspanne bis’zum Eintreten der 5>Sattigung», und er konnte 
durch Huszaks Befund erklUrt werden, dass Brenzkatechin und 
Hydrocbinon — die Oxydationsprodukte des Benzols — die 
Oxydation von AskorbinsiLure in einem Peroxydasesystem 
steigern konnen. Die eigenen Versuche, einen erhohten C- 
Yitaminverbrauch nach Zufuhr von Sulfanilamid und Natrium- 
saliz 3 ’lat nachzuweisen, missgluckten (S. 130). Dies liesse sich 
dadurch erklUren, dass die Oxj'dationsprodukte dieser Yerbin- 
dungen nicht wie Brenzkatechin und Hydrochinon die Askor- 
bineiiureoxj’dation steigern konnen.) 


Bine Zusamvienfassung der Ergebnisse dieses Kapitels zeigt, 
dass ein gesteigerter TJnisaiz nnd eine gesteigerte Fnnktion der 
Askorbinsdure bei Zufuhr von Vegetabilien, die Askorbinsaure- 
oxydase und da7nit wahrscheinlich auch Benzopyranfarbstoffe 
Oder andere Phenole enthalten, die als -^nichtenzyinatische Zvn- 
schenkatalysatoreny auftreten konnen, nachzuweisen wai. Dies 
scheint vorauszusetzen, dass die Wirkung der Askorbinsdure 
darauf beruht, dass bei der Oxydation der Askorbinsdure se s 
Wasserstoffsuperoxyd ensteht, das dann in eiu Peroxy ase 


system eingeht. . 

Es wird darauf hingewiesen, dass diese Versuc e 
weis fiir die Existenz von y>Hilfsvitaniinen^ der s or 

darstellen. . _ 

Der Wert von sog. Belastungsversuchen wird in Frage g 



KAP. VII. 


Tergleiclieiide Uiitersiicliimgen iiber (lie bislier in 
dieser Arlbeit erwalmteii Urocliroin-A-Priiparatc. 

Die Urochrom-A-Ausscheidung ist in dieser Arbeit an Mecr- 
scbweinchen untersueht worden, die eine normalc Kost oder 
zusatzlich zu dieser Indol, Natriumsalizylat, Sulfanilamid. 
Hydrochinon Oder Brenzlcatechin crhielten. Am Jlenschen ist 
sie bei Zufubr von Benzol untersucbt ■vvorden. Bci Yersncben 
in vitro -svurde gezeigt, dass Urochrom A bei der Oxydation 
von Indol, Salizylsilure, Sulfanilamid und Benzol durch Askor- 
binsaure entstebt, ferner bei der Oxydation von Benzol durcb 
Wasserstoffsuperoxyd, sowie wenn eine Cbinonlt>«ung durcb Zu- 
fuhr von Sauerstoff oxydiert Avird. 

In diesen Versuchen Avurde unter 2>Urocbrom A^ ein Farbstoff 
verstanden, der sicb mit der in Kap. IT angegebenen Urocbrom- 
A-Bestimmungsmetbodik bestimmen und durcb ein Verfabren 
isolieren Hess (siebe unten), das sicb an diesc quantitative 
Metbodik anschliesst. Diese verscbiedenen Urocbrom-A-Priipa- 
rate Averden bier zum Gegenstand einer vergleicbenden Unter- 
sucbung in bezug auf Absorptionsspektren, Veranderungen der 
Absorptionsspektren bei Zusatz von Ammoniak und Salzsiiure, 
die Fabigkeit, durcb ScbAA^efelAvasserstoff reduziert zu Averden, 
soAvie die Fabigkeit, Dichlorpbenolindophenol und Phosphor- 
molybdensaure zu reduzieren, gemacht. 

Die einzelnen Praparate Averden Avie folgt bezeicbnet: 

. IJA-Mensch, XJA-Meerschw., Avomit gemeint ist, dass sie aus 
Menschen- oder MeerscbAveinchenbarn bei normaler Ernabrung 
geAvonnen sind. 

UA-Indol-Meerschw., UA-Sidph-Meerschw., UA-Nasal-Meer- 
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scliw., UA-Polyphen-Meerschw., womit gemeint ist, dass sie aus 
dem Earn von Meerschweinchen gewonnen sind, die eine nor- 
male Kost und ausserdem Indol bzvv Sulfanilamid, Natrium- 
salizylat Oder Polyphenole (Brenzkatechin Oder Hydrochinon) 
bekommen haben. 

VA-lndol-Asc., UA-Sitlph-Asc., UA-Nasal-Asc., UA-Benzol- 
Asc., womit gemeint ist, dass sie aus den Versuchslosungen 
nach Oxydation von Indol, Sulfanilamid, Natriumsalizylat Oder 
Benzol mit Askorbinsilure isoliert worden sind. 

UA-Benzol-H^Os, aus der Versuchslcisung nach Oxydation von 
Benzol mit Wasserstoffsuperoxyd isoliert. 

TJA-Chinon, aus der Versiicuaivsang nach Oxydation einer 
Chinonldsung mit Luftsauerstoff isoliert. 


Expcriincntellcs. 

1. Isolierung von Urochrom A. 

Das Urochrom A ^\’urde nach einem Verfahren isoliert, das sich eng 
an die quantitative Bestimmungsmethode anlehnt und auf der auch dort 
benutzten FUllung mit Kupferazetat fusst: 

1000 , ccm Urin Oder LOsung aus den Versuchen in vitro wurde mit 
100 ccm 5,3 % Bariumazetat und 50 ccm 10 % Ammoniak versetzt. 
Anschliessend Erwiirmen auf 45 — 50'^ und Abfiltern der schne vo 
stSndigen Flillung von Sulfaten und Phosphaten. Das Filtrat wir mi 
der gleichen Menge 5 % KupferazetatlOsung versetzt. Nach mmdestens 
24 Stunden wird die Filllung, die aus der Kupferverbindung des Uro- 
chroms A besteht, gefiltert und sorgfliltig mit Aq. dest. 

Fallung wird mit Schwefelwasserstoff gespalten und man er 
chrom A in wlissriger Losung. Diese wird bei 45 5(P au irup ic 
eingedickt. Der Sirup wird (unvolIsUindig) in 96 % Alkoho ge ® > 

AUS dieser AlkohoIlOsung wird das Urochrom A mit der zwanzig 
Menge Ather ausgefUllt. 


2. Bereitung der Tersuclislosungen. 


Mit siimtlichen Prliparaten wurde in 

KMnerc Mengen (nicht flber 500 mg) der 

ccm Wasser verrlihrt, worauf 18 ccm abs. Alko 0 zug gefallt 

oh Fillcraag wards mil dem rto clrWas- veSit, 

3 jetzt erhaltene Fkllung wurde wieder in 

raui ^bermals 18 ccm abs. Alkohol zugesetzt wur en. 
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Diese Urochrom-A-LOsung wurdc nach vorherigeni Filtcm mit 90% 
Alkohol verdilnnt, bis in ZEiss-Pulphrichphotomctor rail dcm Filter S50 
bei einer -Schichtdicke von 10 mm und mit 00 % Alkohol als Vergleichs- 
lOsung der Extinktionswcrt 0,32 erhaltcn wurde. 

Vorausgesetzt, dass die Priiparate, aus denen die obige Ldsung 
dargestellt "wurde, aus demselben Farbstoff bestchen, enthalt.cn 
diese LGsungen den Farbstoff in derselben Konzentration. Die 
mit den Ldsungen ausgefiihrten Untersuchungcn miissen dann 
identische Ergebnisse liefern. 

3. Spcktrogrnphisclic XJntcrsncluing. 

Die Absorptionsspektren der isolierten Urochrom-A-Praparate 
wurden in einem »Gitterspektroskop mit Kamc^a^ der Firma 
Zeiss untersucht, fiir die Aufnahme wurden AcFA-Isopan-F.- 
Platten benutzt. Spezialplatten waren nicht zu bekoramen, so 
dass sich das Wellenlilngengebiet, das untersucht werden konnte, 
auf etwa 370 mjj. (untere Grenze dcs Apparat.es) bis ctwa 620 mft- 
(obere Grenze der Lichtempfindlichkeit der Flatten) beschrUnkte. 

Da die untersuchten Urochrom-A-LOsungen sUmtlich dieselbe 
Extinktionsffthigkeit gegenuber Licht von einer bestimmten 
Wellenlknge batten, muss also die Absorptionskurve des ganzen 
untersuchten Wellenlilngenbereiches fiir slimtliche Lbsungen die 
gleiche sein, wenn die Lbsungen identische Farbstoffe enthalten. 

In Abb. 27 werden die Absorptionskurven s’imtlicher Priiparate 
mit der Absorptionskurve verglicben, die das Priiparat UA- 
Mensch liefert. (Die ausgezogenen Kurven entsprechen iiberall 
dem V A-Mensch, fiir die tibrigen Priiparate sind nur die gefun- 
denen Punkte eingetragen.) Es zeigt sich, dass die Kurven der 
einzelnen Praparate im grossen ganzen zusammenfallen, mit 
Ausnahme der V A-Chinon-'KMxvQ, die einen anderen A^erlauf hat. 
Es sei bemerkt, dass die Abweichungen zwischen den Kurven der 
aus In-vitro-Versuchen isolierten Praparate und der VA-Mensch- 
urve nicht pbsser sind als die Abweichungen zwiscbeu den 
urven der einzelnen aus verschiedenen Harnen isolierten Prii- 
parate und der Kurve des XJ A-Mensch. 

■ ^3'nmgrunden ist die Kurve fiir TJ A-Polyphen-Meerschw. 

eingetragen, doch zeigte auch sie eine praktisch 
Istandige tlberemstimmung mit der Vergleichskurve.) 




Abb. 27. Vergleichende speMrografhische Vrochrom 

A-Praparate. (Zeiss Gitterspektroskop mit Camera.; 

Es wird die DurchlSssigkeit in % und die UA- 

ben. Die eingezeichneten Kurven entspreclien Priiparat. 

Mensch. die Punkte (x) dem in tiichen Priiparaten erst 

(Eine DurchlUssigkeit von 70 % wurde prreicht.) 

ausserhalb des Anwendungsbereichs der Platten 
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Bei einigen Praparaten, and zwar sowohl solchen, die ans 
Ham, als auch solchen, die ans Versuchen in vitro isoliert waren, 
wurde versucht, durch Zusalz von Salzsilure, Natronlaiige odor 
Ammoniak das Absorptionsspektrum zu beeinflussen. Zwar 
traten Veranderungen ein, dock waren diese nur quantitativer 
Art. Die Absorptionsfahigkeit nahm zu und die neiien Absorp- 
tionskurven verliefen parallel zu den mit alkoholischen LOsungen 
erhaltenen. 

Es erschien indessen mbglich, diese Veranderungen zu weite- 
ren vergleichenden Untersuchungen auszuwerten. Falls es sich 
zeigen liesse, dass sie bei alien untersiichten PrUparaten gleich- 
artig waren, so mtisste dies ein Beweis fvir die Dbereinstimmung 
der isolierten Farbstoffe sein. 

Dazu kommt, dass es aucli bei der Beurteilung des Wertes der 
quantitativen Urochrom-A-Bestimmungsmethode von Interesse 
ware, wenn man feststellen kdnnte, dass die unter verschiedenen 
Verhaitnissen gebildeten und als Urochrom A bestimmten Farb- 
stoffe samtlich in ein und derselben Weise durch die Ammoniak- 
und Salzsaurezusatze, wie sie das Verfahren vorschreibt, beein- 
flusst wiirden. 

Ftir diese XJntersuchung quantitativer Veranderungen in der 
Absorptionsfahigkeit der LOsungen erschien der Pulphrichphoto- 
meter am geeignetsten, und zwar unter Verwendung von Filtern, 
die dem Welleniangenbereich entsprechen, innerhalb dessen die 
obige Untersuchung fiber die Absorptionsspektren ausgefiihrt 
worden war. 

Die Untersuchung wurde mit samtlichen PrUparaten Avie folgt 
bewerkstelligt; 

1. In denselben Urochrom-A-Losungen, die oben auch ver- 
wandt wurden, ist die Extinktion mit samtlichen Filtern der 
Reihe S43— S66 bestimrat worden (Schichtdicke 10 mm, 90 % 
Alkohol als Vergleichslosung). 

2. 5 com Urochrom- A-Losung wurden mit 1 ccm 10 % Ammo- 
niak gemischt, und nach 15 Min. wurden die Extinktionswerte 
abermals bestimmt. 

3. 5 ccm der Lbsung von 2. wurden mit 2 ccm etwa 10 n HCl 
gemischt, nach Verlauf von 2 Stunden wurden die Extinktions- 
werte wie oben bestimmt. 




Ausgezogene Linien: AUiohollOsung. Gestrichelte Linien. Z 
Ammoniak. Punktierte Linien: Zusatz von SalzE.ure. 
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Der Zrusatz von Ammoniak \ind Silure bewirkte cine Verdiin- 
nung der Urochrom-A-Losungen, und die nach 2. und 3. erhal- 
tenen Extinktionswerte wurden deshalb alle init Faktoren multi- 
pliziert, welche die durch die Verdiinnung bedingte Senkung der 
Extinktionswerte kompensierten. Bei der Angabe des Ergeb- 
nisses entsprechen also alle Extinktionsw’erte deni urtspriing- 
lichen Volumen von 5 ccm. 

In Abb. 28 ist das Ergebnis fiir 9 Prliparate angegeben, unter 
denen sich sowohl aus Ham als ans Losungen von Versncben in 
vitro gewonnenes Urochrom A befindet. Siimtlicbe Prilparatc 
zeigen bei Ammoniakzusatz eine starke Znnahme der Extink- 
tionsfahigkeit. Bei Zusatz von Salzsiuire nimmt sie wieder ctwa.s 
ab, doch bleibt sie (rait-Ausnahme fiir U A-Sulph-Asc) holier als 
fiir die urspriingliche-alkoholiscbe Lbsung. Audi quantitativ 
herrscht gute Ubereinstimmung zwischen den Veriindenmgen der 
einzelnen Praparate. Wie in der vorigen Untersuclmng zeigt 
jedoch auch hier UA-Chinon einen abweichenden Kurvenverlauf, 
doch sind die VerUnderungen bei Zusatz von Ammoniak und 
SSure etwa die gleichen wie bei den iibrigen Priiparaten. 

4. Durcli Reduktion mit Sclnvcfelwasscrstoff Inssen sich die 

isolierten Urochrom-A-Priiparnte in oinc farh.schwiicherc 
Form iiherfuUrcn. 

Bei dem tlberblick iiber das Urodirom-Schrifttum wurde auf 
den von mehreren Autoren erhobenen Behind hingewiesenj dass 
Urochrom teils in einer reduzierten, relativ farblosen Form, teils 
in einer oxydierten, farbstarkcn Form vorkommen kbnne. Es 
schien, als kdnne eine quantitative Bestimmung dieser Farb- 
sehwachung bei der Reduktion beispielsw^eise mit Scliwefel- 
w^serstoff von Wert sein fiir einen Vergleich zwischen den 
Eigenschaften der isolierten Praparate. 

Der Versuch ivurde an samtlichen Priiparaten wie folgt durch- 
gefiihrt; 

5 ccm der friiher benutzten alkoholischen Urochrom-A-Ldsung 
wnrden mit 10 ccm Aq. dest. und 5 ccm 20 % Metaphosphor- 
saure dsung versetzt. (Die Metaphosphorsaure wurde deshalb 
zugesetzt, damit dieselben Losungen auch fur die nachfolgende 
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TABELLE 56. 

Durch Reduction mit Schwefelwasserstoff lassen sich die isolierten 
Vrochrom-A-Prdparate in eine farbschwachere Form uberfiihren. 

Fiir jedes Praparat ist der Extinktionswert nach Behandlung mit 
Schwefelwasserstoff in Prozent des Extinktionswertes vor der Behandlung 
angegeben. (Filtrum S51 des PuLPHRicu-Photometers.) 


Urochrom-A-Prap. 

S' 

Urochrom-A-Prap. 

1 

Urochrom-A-Prap. 

S 

5 

S’ 

UA-Menscb. 

77,5 

UA-Nasal-Meerschv. 

82,1 

UA-Nasal-Asc. 

74,5 

UA-MeerschAY. 

81, C 

UA-Sulph- > 

79,5 

UA-Sulph- > 

65,7 

UA-Benzol-Asc. 

77,5 

UA-Indol- » 

81,8 

UA-Indol- !> 

75,0 

U A-Benzol-HjOj 

66,7 

UA-Polyphen- s 

78,9 

UA-Chinon- » 



Untersiichung benutzt werden konnten.) Die Extinktionswerte 
dieser Losung wurden mit dem Filter S50 bei einer Schichtdicke 
von 30 mm bestimmt, worauf 1 Stunde lang ein Schwefelwasser- 
stoffstrom hindurohgeleitet wurde. Die Losung blieb dann in 
versclilossenem Glas bis zum nacbsten Tag stehen, worauf die 
Extinktionswertbestimmung wiederbolt wurde. In Tabelle 56 
ist der Extinktionsw^ert nacb der Behandlung mit Schwefel- 
wasserstoff in Prozent des urspriinglichen Wertes angegeben, 
und es herrscht, wie man sieht, eine relativ gute Dbereinstim- 
mung zwischen den verschiedenen Praparaten. (In Kontroll- 
versuchen konnte festgestellt werden, dass wenn dieselben 
Losungen gleicli lange Zeit standen, docb ohne vorheiige Be- 
handlung mit Schwefelwasserstoff, statt dessen eine leichte Er 
hohung der Extinktionswerte .^intrat.) 


5. Die isolierten Uroclirom-A-Priiparate kbnnen nacli Be an 
lung mit Sckwefelwasserstoff Dichlorphenolindophenol 

reduzieren. 


Bei der Untersuchung tiber die Spezifitat des 
dophenols als Askorbinsaurereagens im Ham ( • 
jzeigt werden, dass, wabrscheinlich auch Uroc rom 
eagens reduziert. Urn diesen friiheren Befund zu besa ,. 
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TABELLE 57. 

Vrochrom A reduziert Dichlorphenolindophenol. 

Titration mit Dichlorphenolindophenol in einer metaphosphorESlurehal- 
tigeh Urochrom-A-L(5sung, die mit Schwefelwasserstoff behandelt ist. 
Die Farbe entspricht der Farbe normalen Hams. Das Ergebnis ist in mg®/o 
AskorbinsSure ausgedrtlckt. 


Urochrom-A'Prfip. 

03 

<4 

U 

E 

Urochrom-A-Prftp. 

mg Ask. 

Drochrom-A-Prflp. 

m 

< 

v. 

tc 

S 

' UA-MenBoh. 


D A-Nasal-Meersclm-. 

■ 

UA-Nflsal'Asc. 


UA-Meersch^. 

0,66 

TJA-Sulph- > 


UA Sulph- > 

0.44 

DA-Benzol-Aac, 


,,UA-Indol* » 


TIA-Indol- > 


DA-Benzol-H,Oj 

IS 

DA-Polyphen- » 

0.67 

DA-Chinon- > 

o.ra 


und zwecka fortgesetzter Vergleiche der Eigenschaften der ein- 
zelnen Uroehrom-A-Praparate wurde folgender Versuch geroacht: 

Dutch die gleichen Urochrom-A-L5sungen, die im vorigen 
Abschnitt zur Untersuchung gelaugt vraren, ■wurde 3 Stunden 
lang Stickstoff hindurchgeleitet, um den Schwefelwasserstoff zu 
vertreiben, worauf in der gewohnten Weise mit Dichlorphenol- 
indophenol titriert wurde. 

Die Farbsthrke der Drochrom-A'IdettiphosphorsilurelOsungen 
war etwa die gleicbe wie die von normaiem Meerscbweincben- 
harn, der in Metaphosphorskure gesammelt worden ist. tJm ein 
ungefkhtes Bild von den Feblern bei Bestiramung von Aekorbin- 
sSure nach Vorbehandlung mit Schwefeltvasserstoff, die dutch 
Upchrom A bedingt sein kbnnen, zu geben, ist in Tab. 57 das 
Titrierergebnis in mg% AskorbinsUure verzeichnet. Axis der 
Tabelle geht hervor, dass skmtlicbe Prkparate Dicblorpbenol- 
indophenol reduziert haben, doch lassen sich gewisse quantita- 
«ve Schwankungen unterscheiden. UA-Benzol-H.O. hat ein weit 
Uber dem Durchschnitt liegendes ReduktionsvSrmigen, wkhrend 
VA-Sulph-Meerschw., VA-Sulph-Asc., VA-lndol-Asc. und VA- 
Benzol-Asc. ein schwkcheres Reduktionsvermbgen aufweisen. 

Urochrom-A-LOsungen von gleicher Stkrke, die nicht mit 
Schwefelwasserstoff behandelt sind, vermbgen dagegen Dichlor- 
phenblindophenol nicht zu reduzieren. 





ZYKLISGIIE VERBINDUXGEN UND VITAMIN C 


181 


6. Die isoliertcn XJrocliroin-A-Pruparate konnen Pliosplior- 
molylidensaure reduzioren. 


Bei vorbereitenden Kontrollversuclien nach dem BaiGGschen 
Verfahren (S. 87) zeigte es sich, dass Urochrom A Phosphor- 
molybdensiiure unter Aiiftreten einer ahnlichen Farbe -wie bei 
der Rediiktion beispielsweise von Hydrochinon durch dasselbe 
Reagens reduziert. 

Auch diese Realction. die sich quantitativ verfolgen ISsst, 
wnrde fiir einen Yergleich der Eigenscliaften der einzelnen 
Urochrom-A-Lbsungen herangezogen. 

Der Versuch vairde mit sSmtlichen Urochrom- A-L5sungen "wie 
folgt ausgefilhrt: 

TABELLE 58. 


Das Radtikiionst'ermSgen verschiedener Urochrom-A-Prdparate gegeniiber 
PhosphormolybdensSure. Bestimmung teilweise nach Briggs (S. 86). 


Urochrom-A-Prttp. 

SC 

tc 

TJrochrom-A-Prllp. 

CQ 

bjo 

*n 

£Q 

Urochrom-A-Prap. 

E-Briggs 

UA-MenBch, 

0,16 

UA-Nnsal-Meerschw. 

1 

UA-Nasal-Asc. 

0,«8 

UA-ileerschw. 

H 

UA-Sulph- » 

o,ia 

UA-Sulph- » 

0,09 

UA-Benzol-Asc. 

0,16 

UA-Indol- > 


UA-Indol- » 


■DA-Benzol-HjOj 

rh 

Mli 

UA-Polj’phen- » 

n 

UA-Chinon-» 



3 ccm Urochrom-A-Lbsung wurden mit 1 ccm etwa 10 n HCl 
und 0 ccm Wasser versetzt und dann 20 Min. lang im kochenden 
Wasserbad stehengelassen. Anschliessend wurde wie bei einer 
gewbhnlichen Polyphenolbestimmung (S. 86) verfahren. 

Die gefundenen Extinktionswerte sind in Tab. 58 angege en, 
und es zeigt sich, dass sSmtliche Prftparate Phosphormo y en 
sdure reduzieren kbnnen. Eine gute quantitative 
mung zeigten die Ergebnisse mit UA-Mensch, TJ - 
VA-Sulfh-Meerschw., VA-Benzol-Asc., UA-Benzol-H.O^ nn 

V A-Nasal-Meerschw., VA-lndol-Meerschw., ^ 

Meerschw. und UA-Nasal-Asc. bilden eine ^ , jja 

hbherem Reduktionsvermbgen, wkhrend UA- uf 
Indol-Asc. ein schwScheres zeigen. 
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7. Die isolierten Urochrom-A-PrUpnrate liefcrten in Iccinem 
Falle die Ehrlichsclie Diaszorcaktion. 

Zusamincnfassung der Tcrsuchscrgcbnisse. 

In vergleichendeii Untersuchungen sind bestiminte Eigen- 
schaften der in dieser Arbeit erwahnten Uroclirom-A-Priiparate 
studiert worden. Diese Priiparate sind sowolil aus Ham als 
aus Losungen von Yersucben in vitro isoliert. 

1. Die Absorptionsspektren der imtersucbten Priiparate waren, 
vom Spektrum des TJA-Chinon abgeseben, praktisch identiscli. 

2. Samtliche Priiparate warden bei Znsatz von Ammoniak 
Oder Salzsaure dunlder. Die Zunahme des Extinktionsvermbgens 
wurde quantitativ in verschiedenen Wellenliingenbereichen ver- 
folgt and erwies sich bei siimtlichen Priiparaten als etwa gleicli 
gross. 

3. Samtliche Praparate konnten darch Schwefelwasserstoff 
reduziert werden, and die Redaktion iiasserte sich a. a. als eine 
Schwachang des Extinktionsvermiigens. Die Extinktionsabnahme 
war bei Licht von einer bestimmten Wellenliinge fiir siimtliche 
Priiparate etwa gleich gross. 

4. Samtliche Praparate vermochten Phosphormolybdensiiare 
sowie nach Behandlang mit Schwefelwasserstoff Dichlorphenol- 
indophenol za redazieren. Dabei ■wiesen jedoch verschiedene 
Praparate eindeatige quantitative Unterschiede in der Redak- 
tionsfahigkeit aaf. 

5. Keines der isolierten Praparate lieferte die EuRLicasche 
Diazoreaktion. 


Besprecliung. 

Samtliche Praparate warden nach einem recht komplizierten 
Verfahren isoliert, das folgende Eigenschaften des isolierten 
Predates voraassetzte: Fiillbarkeit mit Kapferazetat, Ldslich- 
keit in Wasser and 90 % Alkohol, Fkllbarkeit mit Ather. Die 
Untersachang der Absorptionsspektren der einzelnen Praparate 
ergab, dass diese im grossen ganzen identisch wmren. Indessen 
muss bemerkt werden, dass die Absorptionskurve innerhalb des 
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iintersuchten Wellonliingenbereiches einen gleichmassigen Yer- 
lauf ohne charakteristische JIaxima Oder Minima hatte, weslialb 
diese$ Untersncliungsergebni? keine zu weitgehenden Folge- 
riingen betreffs der Identitat der Praparate erlauben diirfte. Dio 
Knrven stimmcn aber in so liohem Grade iiberein, dass die An- 
nabme berechtigt sein Avird. dass die iintersuchten Farbstoffe 
cine iilinliche Zusanimensetzung haben. 

Diose Annahme wird dadurch gestiitzt, dass sich das Extink- 
tionsvermdgen sandlicher L'rochrom-A-Ldsungen durch Zusatz 
von Ammoniak und Salzsaure steigern und durch Reduktiou mit 
Schwefehvasserstoff vermindern Hess. Audi die Grdsse dieser 
Veriinderungen war bei siiintlichen Priiparaten etwa dieselbe. 

Die rntbrsuchungen (iber das Reduktionsvermdgen der ein- 
zelnen Prajiaratc gegeniiber Phosphormolybdensiiure sowie nach 
Reduktion mit Schwefelwasserstoff gegeniiber Diehlorphenol- 
indophennl zeigten inde.ssen so grosse Untersehiede bei den ein- 
zelnen Priiparaten auf, dass man keine vollstiindige Identitat 
voraussetzcn kann. 

Das Ergebnis der Untersuchungen dieses Kapitels liesse sich 
miigliehcnveise folgendermassen deuten: Das Urochrom-A-Mole- 
kiil eutliiilt cine fnrbige Koinponente, die alien untersuchten 
Priiparaten mit Ausnahme des UA-Chinon gemeinsam ist. Aus- 
serdem enthiilt das Molekiil eine Komponente von wechselnder 
Grdsse, welche die reduzierendcn Eigenschaften bedingt. 

Yersucht man an Hand der Darstellungsweise der aus den 
Yersuchen in vitro isolierten Urochrom-A-Priiparate eine Vor- 
stellung von der Zusammensetzung des Urochroms A zu gewin- 
nen, so ist in erster Linie hervorzuheben, dass iihnliche Farb- 
stoffc bei der Oxydation von Benzol sowohl durch Askorbin- 
siiiirc als durch Wasserstoffsuperoxyd, und sowohl mit als ohne 
Zusatz von Eisen erlialten werden konnten. Es kann also im 
TJrochrommolekiil weder Eisen noch Askorbinsaure enthalten 
sein. Wie fruher bemerkt, kdnnen diese Urochrompraparate 
auch keinen Stickstoff Oder Schwefel enthalten. Beide Grund- 
.stoffe werden in der Literatur im allgemeinen als Bestandteile 
des aus Ham isolierten Urochroms angegeben. In der einleiten 
den Schrifttumsilbersicht wurden indessen Arbeiten refenert, in 
denen das Yorkommen von Schwefel auf Verunreinigungen er 
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isolierten PrUparate zurUckgefUhrt wurden, und ferner wurd& 
Rangiers (1935) Refund erwShnt, dass Urochrom sich leicht mit 
Harnsaure koppeln lasse. Mdglicherweise ist der Stickstoff- 
gehalt dadurch zu erklUren, dass Urochrom im Ham mit Harn- 
saure Oder anderen stickstoffhaltigen Verbindungen gepaart 
auftritt. 

Urochrom A ist in dieser Arbeit aus Versuchen in vitro mit 
Benzolderivaten und Indol isoliert worden. Auch Indol enthait 
einen Benzolkern, und man kdnnte daher annehmen, dass der 
Urochrom-A-Bildung Benzol zugrunde lage. In einer frllherea 
Arbeit (Ekman 1940) konnte indessen gezeigt verden, dass auch. 
Histidin bei Abbau durch Askorbinsdure Urochrom A ergibt. Der 
Imidazolring des Histidins wird bei diesem Abbau gesprengt, 
und es erscheint mdglich, dass eine Ringspaltung der Bildung" 
des Urochroms A sowohl bei der Oxydatipn von Benzol als voa 
Imidazol vorausgeht. 

Es ist daran zu erinnern, dass Leeds (1881) bei Oxydatioa 
von Benzol durch Wasserstoffsuperoxyd eine Sprengung des 
Benzolkerns nachweisen konnte. 

Der Zweck der hier vorliegenden Untersuchungen liber das 
Urochrom A war, zu zeigen, dass bei der Oxydation zyklischer 
Verbindungen durch Askorbinsaure Oder Wasserstoffsuperoxyd. 
sowohl in vivo als in vitro Farbstoffe entstehen, die wesent- 
liche Eigenschaften gemein haben und die dem alien Begriff des- 
Urochroms A entsprechen dtirften, wie es in der auf S. 20 ge- 
botenen Ubersicht liber die Eigenschaften der friiher isolierteii> 
Urochrompraparate sich darstellt. Die hier untersuchten PrUpa- 
rate haben im ganzen dieselben Eigenschaften: sie w'erden in 
gleicher Weise isoliert wie z, B. Doubrowskis Urochrom und sie- 
haben dieselben Lbslichkeits- und Failbarkeitsverhaltnisse. Ge- 
meinsam sind ihnen ferner die reduzierenden Eigenschaften und. 
das Vermbgen, sowohl als Urochromogen wie als Urochrom auf- 
zutreten. Die Angaben. Uber das Verhalten zur EHRLicHSchen. 
Diazoreaktion variierten; die von mir isolierten Praparate geben 
diese Reaktion nicht. Friihere Untersucher fanden stets Stick- 
stoff in ihren Praparaten. Gewisse von meinen Prkparaten kOn- 
nen indessen auf Gnind der Darstellungsweise keinen Stickstoff 
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enihalten. Wie schon friiher liervorgelioben, ist es indessen 
denkbar, dass Urochrom im Harn an stickstoffhaltige Verbin- 
dungen gekoppelt vorkommen kann. 

Die Urochrom-A-Praparate, die in vitro sowohl aus Verbin- 
dungen mit einem Benzolkern wie aus Histidin dargestellt wor- 
den waren, ergaben bei Eindampfen dei- alkoholischen Losungen 
samtlich einen kristalliniscben Riickstand. Damit ist die A’^oraus- 
setzung fiir eine eingehendere Analyse der Zusammensetzung des 
in vitro dargestellten Urochroms A gegeben. 

Falls die Annalime, dass Urochrom A im Harn an andere 
A'^’erbindungen gekoppelt vorkommt, richtig ist, diirfte es wahr- 
scheinlich sein, dass man z. B. dnrch Hydrolyse des Urochrom^ 
isoliert aus Harn Priiparate darstellen konnen wird, die ebenfalls- 
in kristallinischer Form erhalten werden konnten. 

Fortgesetzte Urochrom-A-Untersuchungen in dieser Richtung 
diirften indessen aucli ein allgemeineres Interesse haben, da sin 
das Problem des Abbaus des Benzolkerns sowohl in vitro als im 
lebenden Organismus beriihren. 


Ztisammenfassend diirfte man sagen konnen, dass die in die- 
sem Kapitel vorgelegten vergleichenden TJntersuchnngen iiber 
verschiedene Farbstoffe, die sowohl aus Harn als aus Losungen 
von V ersuchen in vitro isoliert worden sind, ergeben, dass diese 
Farbstoffe deni Urochrom A entsprechen. Man kann annehmen,. 
dass diese Farbstoffe eine gemeinsame, farbige Komponente ent- 
halten, dass aber Hire reduzierenden Eigenschaften durch eine 
Komponente bedingt sind, die bei verschiedenen Uiochroni-A 
Individuen verschxeden gross ist. 



KAP. YIII. 


Scliliissbemerkimgen unfl Ziisaiiimenfassung. 

I. Die Askorbins&urewirkung in vivo. 

Wachholmb (1942 c) hat datauf hingewiesen, dass sich die 
Diskussion iiber die Funktion der AskorbinsHure im Organismus 
stets hauptsachlich mit zwei Eigenschaften der Askorbinsflure 
beschaftigt hat, die schon nach den grundlegenden Untersu- 
chungen von Szent-GyOrgyi angegeben wurden. »Er hat nilmlich 
1) gezeigt, dass die Askorbinsaure in der Lage ist, andere Stoffe 
im reduzierten Zustande zu halten, indem sie vermOge ihres 
niedrigen Reduktionspotentials durch ihr blosses Vorhandensein 
dem Gewebssaft ein zerstOrende Oxydationen verhinderndes 
Milieu gibt, und 2) dass die AskorbinsUure selbst reversibel 
oxydierbar — genauer gesagt zu Dehydroaskorbins'lure de- 
hydrierbar — und wieder zu Askorbins'aure rilckreduzierbar ist, 
sowie dass es fUr'diese Oxydation ein besonderes Ferment, die 
Askorbinase gibt, mithin dass das Vitamin C in der Lage ist, als 
Oxydationskatalysator im Gewebsstoffwechsel zu wirken.s- 

Huszak (1937) meinte, die Reduktion von Dehydroaskorbin- 
sRure zu Askorbinskure kOnne durch eine Dehydrierung anderer 
Verbindungen erfolgen, eventueli durch verschiedene Dehj’^dra— 
sen, und die Askorbinshure trete auf diese Weise als ein Oxyda- 
tionskatalysator auf. 

Die in dieser Arbeit gemachten Feststellungen, dass die Aus- 
scheidung von Polyphenolen bei Zufuhr von Askorbinsfiure 
ansteigt, die Ausscheidung von Urochrom A dagegen abnimmt, 
lassen sich durch die oben festgestellte reduzierende Filhigkeit 
der AskorbinsSure erklkren. 
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erklcirt di© ob6n. vorgGlegt© Anschauung von der 
Askorbinsaure als einem Oxydationskatalysator nicht die Um- 
wandlung zyklischer Verbindungen. Die von mir gefundene 
Benzoloxydation ist keine Dehydrierung, und in meinen In-vitro- 
Yersuchen kommt keine Reduktion oxydierter Askorbinsaure vor. 

Man muss also nach einer anderen Erklarung fiir die Wirkung 
des Vitamins C in diesem Falle suchen, und nach dem, was wir 
heute ilber die chemischen Eigenschaften der Askorbinsaure 
wissen, liegt die Annahme nahe, dass das bei der Oxydation der 
Askorbinsaure selbst gebildete Wasserstoffsuperoxyd als Oxyda- 
tionsmittel auftritt. Die ausgefuhrten Versuche zeigen auch, dass 
dies in vitro der Fall gewesen sein diirfte. 

Es lassen sich gewisse Griinde dafiir anfiihren, dass der Ver- 
lauf in vivo der gleiche ist. 

1. Die Yoraussetzungen dafiir, dass Askorbinsaure-Dehydro- 
askorbinsSure ein reversibles System bilden konnen, sind vor- 
handen. Szent-GyOrgyi (1928) wdes das Vorhandensein einer 
Askorbinase in Pflanzen nach, Wachholder (1942 c) ein askor- 
binskureoxydierendes Ferment in den Geweben von Saugetieren. 
Mehrere Forscher haben Systeme gefunden, welche Dehydro- 
askorbinsaure zu Askorbinsaure reduzieren. 

2. Im Organismus gibt es Peroxydase, durch deren \ ermitt- 
lung Wasserstoffsuperoxyd als Oxydationsmittel gebraucht wer- 
den kann. 

3. In den hier vorgelegten Versuchen ist gezeigt worden, dass 
bei Oxydation von Benzol durch Askorbinsaure Oder Wasser- 
stoffsuperoxyd in vitro dieselben Produkte entstehen wie in 
vivo, nkmlich Polyphenole und Urochrom A. 

4. Ferner ist es gelungen, durch Zufuhr vegetabilischen Mate- 

rials den Yitamin-C-Umsatz und die Oxydation einer zyklischen 
Verbindung im Tierorganismus zu steigern. Diese Aktivierung 
der Funktion des Vitamins C diirfte darauf beruhen, dass die 
Yegetabilien Phenole (Benzopyranfarbstoffe) enthalten, die nach 
Huszak (1937) bei Pflanzen als nichtenzymatische Zwischenkata- 
lysatoren auftreten. Dies setzt nach demselben Autor voraus, 
dass die Wirkung der Askorbinsaure auf der Bildung von Was- 
serstoffsuperoxyd beruht hat. , . . « 

5. Huszak hat ferner gezeigt, dass die Benzopyranfarbstoffe 
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von Wasserstoffsuperoxyd diirch Yermittlung von Peroxydase 
auch in Anwesonhoit von Katalasc oxydicrt ■\\crdcn kdnncn. 

Man darf annohroGn, dass auch andcrc zyklischc^'crbindungcn 
dutch das gebildete Wasserstoffsuperoxyd oxydiert verden 
konnten Oder dass sie indirekt dutch den oxydierten Benzopy- 
ranfarbstoff, der dabei wieder reduziert -vvird, oxydiert werdeiu 
Mdglich^rweise liegt die Bedeutung der Benzopyranfarbstoffe 
gerade darin, dass ihre Oxydation dutch Peroxydase/Wasser- 
stoffsuperoxyd so schnell verlauft, dass anwesende Katalase die 
Reaktion nicht hemmt, was dagegen vielleicht bei einer direktcn 
Oxydation anderer zj-’klischer Yerbindungen der Fall sein wurde. 

6. In einem Falle hat gezeigt werden kdnnen, dass Wasser- 
stoffsuperoxyd, das in einer primilren Oxydation gebildet wor- 
den ist, dutch Yermittlung von Katalase fiir cine sekundarc^ 
gekoppelte Reaktion herangezogen werden kann. Holmberg 
(1939) konnte namlich dutch Yerwendung einer reindargestellten 
Urikase die von Keilix und IIartree (1936) gemachte Annahme 
bestatigen, dass die gekoppelte Oxydation von Alkohol im 
System TJrikase-Urinsaure dutch das gebildete Wasserstoff- 
superoxyd nur bei Anwesenheit von Katalase stattfiinde. 


Es diirfte indessen heute allgemein die Ansicht bestehen, dass 
Wasserstoffsuperoxyd in den meisten Dehydrogenasesystemen 
gebildet wird, und wahrscheinlich werden die dabei gebildeten 
Mengen bedeutend grosser sein als die bei Oxydation der Askor- 
binsaure anfallenden. Dass man trotzdem eine Beeinflussung' 
der Umwandlung zyklischer Yerbindungen dutch Anderungen in 
der Askorbinsaurezufuhr erzielen kann, mag vielleicht folgende 
Ursachen haben; 

Die Umwandlung zyklischer Yerbindungen kann auf gewisse 
Organe beschriinkt sein, in denen eine Anreicherung von Askor- 
bmsaure und zyklischen Yerbindungen erfolgt, und in denen 
das Yerhaltnis Peroxydase/Katalase giinstig ist. 

Nach Theorell (1943) entsteht Wasserstoffsuperoxyd u. a. 

urch erne Reaktion zwischen Peroxydase, 0« und Dioxymal- 
einsaure. Es reichert sich aber nicht in der Losung an, sondern 
der Uberschuss wird. fe nachdem er gebildet wird, in einer 
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ccbten, sekundUreii, peroxydatisclien Reaktion verbraucht.» Das 
Wasserstoffsuperoxyd wird also in demselben System ver- 
liraucbt, in 'welcbeni os gebildet wird, und moglicherweise ist 
dies dor iiblicbe VerJanf, wiUirend das bei der Oxydation der 
Askorbinsiiure gebildete Wasserstoffsiiperoxyd vielleicbt fur 
andere Reaktionen verfugbar %vird. 


II. Zusamincnfassung. 

Als llauptergebnis.se der bier vorgelegten Untersudiungen 
diirfte folgendes gelten kcinnen: 

1. Als Ergebnis einer Litcraturubersicht wird bers’’orgeboben, 
dass bei der gegenwiirtigen Einsicht in die chemische und phar- 
makologiscbe Funktion dcs Vitamins C diese Funktion grossen- 
tcils als eine Umwandlung oder Stabilisienmg zyklischer Ver- 
bindungen aufgcfasst werden kann, sowie dass die Entstehung 
■von Urocbrom A in Ziisammenhang sowolil mit Vitamin C als mit 
zykiischen Verbindungen gebracbt iverdeu kann. {Kap. 1.) 

2. Es Sind ncue quantitative Bestimmungsmetboden fiir Uro- 
cbrom A, Salizylsiiurc und Indol ausgearbeitet worden. Die 
quantitative Besti-nmung von Askorbinsaure im Harn ist zum 
Gegenstand einer experimeutellen Untersucbung gemacbt "wor- 
den. (Kap. II.) 

3. Zyklisebe Verbindungen werden in vitro und in vivo 
durcb Askorbinsilurc oxydiert. Das besagt, dass Askorbinsaure 
fur das Entgiftungsvermogen des Organismus von Bedeutung ist, 
nnd es wird angenommen, dass man darin eine wesentliche 
Funktion des Vitamins C zu erblicken bat. (Diese Funktion wird 
indessen durcb Zufubr selir grosser Mengen von Askorbinsaure 
gebemmt.) 

Friibere Untersucbungen tiber den Antagonismus zwischen 
verscbiedenen Hormonen und Askorbinsaure, sowie die Ent- 
giftung gewisser zyklischer Verbindungen durcb Askorbinsaure 
in vivo und in vitro werden vor dem Hintergrunde der bier vor- 
gelegten Ergebnisse besprocben. (Kap. Ill und IV.) 

4. Die Oxydation zyklischer Verbindungen in vitro durcb 
Askorbinsaure liisst'sicb dadurch erklaren, dass bei der Oxyda- 
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tion der Askorbinsaure selbst Wasserstoffsupcroxyd entsteht. 
das als Oxydationsmittel auftritt. (Kap. V,) 

Es werden mehrere Grunde dafUr angezogen, dass der Verlauf 
in vivo der gleiche sein dilrfte. Miiglicherweise ist Askorbin- 
saure ein Bestandteil eines gleichartigen Oxydationssystems, wie 
es Huszak fur die Peroxydasepflanzen angegeben hat, das im 
iibrigen aus einer Askorbinsdureoxydase, einer Peroxydase, 
einem nichtenzynvatischen Zvischenkatalysator sowie einem 
System besteht, das die gebildete DehydroaskorbinsUure zu 
AskorbinsS-ure reduzieren kann. (Kap. VI und VIIL) 

5. Die Aufnahme von Vegetabilien, die Avahrscheinlich in 
dem vorgenannten Oxj^dationssystem enthaltene nichtenzyma- 
tische Zwischenkatalysatoren (Benzopyranfarbstoffe oder andere 
Phenole) ftihren, steigert im Tierorganismus den Umsatz an 
Vitamin C sowie die Eahigkeit der AskorbinsHure, zyklische 
Verbindungen zu oxydieren. 

Damit hat mit der ss-Oxydation zyklischer Verbindungen durch 
Askorbinsaure*- als Test das Vorhandensein von Faktoren fest- 
gestellt werden kbnnen, welche die Wirkung der Askorbinskure 
steigern, und auch der wahrscheinliche Mechanismus ihrer 
Funktion ist damit angegeben. (Kap. VI.) 

6. Bei der Oxydation zyklischer Verbindungen durch Askor- 
binskure entstehen Oxydationsprodukte, die ohne Einwirkung 
von Askorbinskure weiteroxydiert 'werden und dann Farbstoffe 
liefern, die dem Begriff des Urochroms A entsprechen. Ist in- 
dessen Askorbinskure im Eberschuss anwesend, so wird diese 
Weiteroxydation und damit auch die Urochrom-A-Bildung ge- 
hemmt. (Kap. Ill, IV und A'’II.) 

Wahrscheinlich handelt es sich hier um eine Gruppe eng 
miteinander verwandter Stoffe, die wesentliche Eigenschaften 
gemein haben, jedoch nicht identisch sind. (Kap. VII.) 
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Problemstellung. 


Die vorliegende Arbeit beabsichtigt, den Einfluss der Benzoesaure, 
der Mandelsaure iind den einiger nahe verwandter Stoffe auf die 
Aminoniakbildung vor allem im Nieren- und Leber-Ge^vebe von 
Ratten zii untersuchen. 

Die Vermutung eines Einflusses auf die Ammoniakbildung in den 
genannten Geweben entstand zunachst im Hinbbck auf die Man- 
delsdure, und ZAvar tauchte sie beim Vergleich etniger experiinentellen 
und Idinischen Beohachtungen auf. Leitmakx (1938) batte nambch 
nachgeAviesen, dass Mandelsaure die Eahigkeit gevisser Hefezellen, 
]\Iilchsaure zu oxj’^dieren, hemmt. Da soaa'oIiI JElchsaure als auch 
jMandelsaure a-Oxysauren sind, und da die Oxydation der Jlilchsame 
durcb einen Angriff des Enzyms am a-Kohlenstoffatom eingeleitet 
AAurd, Avare es denkbar, dass die Hemmung eine sogenannte kon- 
kurrierende EnzjTnhemmung AA'are, bei der ein Teil des Enzj ms von 
der in diesem Puiikte gleichgebauten Slandelsaure engagiert Aviirde. 
Analog AA’are es auch denkbar, dass die Mandelsaure die Aminosau 
redesaminierung hemmt, denn es ist gezeigt AA'orden, dass v enigsten.. 
bei geAvissen Aminosauren die Oxydation beim substituierten a 


Koblenstoffatom eingeleitet Avird. 

Diese auf experimentelle Untersuchungen gegriindete ^ ermutu ^ 
kann durcb einige klinische Beohachtungen gestiitzt verden. 
einigen Fallen, AA'enn Mandelsaure als HarnAvegantisept^um 
Avendet AA'orden Avar, schien es nanilich, als hemme sie ® * 
niakabAvehr, die der Organismus zAvecks Kompensation 
die Same hervorgerufenen Acidose mobUisiert. Nielsen 
obachtete so in einem Fall eine starke Entkalkung des 
einer Gravida nach 3-4-monatiger Bebandlung 
Salmiak. Dies kann darauf deuten, dass die ^ 

des Organismus insuffizient Avar, Aveshalb zur Eeutrabsation _ 

Alkalien berangezogen AAmden mussten- Odin 
teilung) beobachtete femer eine erstaunbcb germp m 
duktion im Harn bei emem Cystopyr 
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dclsaure boliandelt wtirdo. .T)ii* roffricrtcii Iclinischcii 
sind freilich an und fiir sich durrlmiiK kfinc (‘inwaiidfrcion Ar^ju- 
mente fiir die Annahnus dans Mnndcisatirc die Anunoniakltildntijz in 
der Nicre lieminc, ahcr v.naainnien init di-m Er^tclmis di-r i xjKTjmf-n- 
tellon tlntcrsuchiing wrdon aic allc 7.\i Indizion, die nuf d'n- Miig. 
lichkeit ciner gcmeinsaTnon Erkluning hindaiitf-n. 

AuKgehcnd von don rof<'ried<'n Untoratuduingm, inarlit'* iHi,HKR. 
NER (1942), init Hiifo dor WarhurgKchon 'I’cchnik tn'nittv Wr>uclia 
iibcr die Einwirknng dor ^Mandelsnuro anf rlon lSnuor.stoffvr‘rbr<HJ('li 
und die Aimnoniakbildung im Nioron- nntl Tyd>fr-f!J<’ncbo von Rat- 
ten. Auch bierbei ergab sicb iintor andorrn uls vabi^elu'inliob, da='- 
Mandelsfiure die apontane Ammoniakbildnng in dio^-on newobon 
henimt. 


Indc.ssen spriciit aucb manchci^ ilafiir, <la^'i nioht Ijlos'i db* Mandeb 
Faure, sondern aucli die iiir nabe vernandto Ik'nr.rK'F.aure die Anuno- 
niakbildung in Nicro und Leber bcinmt. \’et><(’!>iedene Forsehor 
haben niinilich durcb hi-vitro-Vfrsurhr naeljgeu'ie.ia'n, dn'is 
savre im Aici'cn' nnd Lcbcr-O'ru'cbr dir. Oxi/dalimt vrx^chirdrjwr Stnfjt 
hemmf. So Miesen Jowett u. Qu.vrtix (19:ko a. b) tine lleminung 
der Oxydation von Bultcrsaure und KrotonRaure im IxberRobnitt 


von Meerschwcinchen und von Bnlt<‘rRnurc im I<eberse]»nitt von 
Ratten naeli. Quastee u. Wiieatekv (19:10) vie.Ron cine Hommung 
der Oxydation von Acetossiganure im Nieren.RrImitt von Mwrsclnvein* 
chen und Ratten naeb, Guiffith (1987) cine Ilomnuing drr ?pon- 
tonen Oxydation in Nieren- und Ix;ber-Scbnitten von Ratten, und 
EtN u. IvAMiK (1941) einc Heinmung der Oxvdatinn einicer d- 
Aminosauren in Nieren- und lA>ber-Gewebe von Ratten und Ixn 
\ ersuchen nut gereinigtem d-Amino.RfuireoxvdaRceny.vm 
Es seheint somit, als groife die Ben-Aoesaure hemmend in ver- 
selnedenerlei Reaktionen des intermediaren StoffuechselR in Xiere 
und Leber em. Dies kann daber Anla.ss zu der Vermutung gebem 

vorlT^'V” f Ammoniak in die.cen Organon, die 
Praa ^ uiinosanreabbau 7>usti\nde kommen durfte — cine 

tege, die spater naher bcriihrt verden soil. 

delsaul"’''^\"°r^’ ^^^^^^oesaiire die gleiehe Heinmung wie Man- 
autir l>.vrothetM.e Krklr.n,ng 

dcSe ” T' ” ‘’'“‘'"‘'I. <’•■■■'1' Mo- 

ena, henorgenden durch die dort kcsprochcnc, in goxvi..^ HinricI,. 
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alinliche cliomischo Konstitution der Mandelsaure und der a-Amino- 
sauren. 

Urn dicse Fragen zn kliiron, ziclt die vorlkgendt. Arbeit auf eincn 
Vcrgicich ziciscJicv dan Einfluss der Mandelsaure und deyn der Ben- 
zoesdure auf die Ammonial-bildnng im Nicren- und Leber-Gewebe ab. 
Banebcn werden cinige in ungleicher Weise cheniisch verwandte 
Stoffe nntcrsucht, um Avomoglich die ahiive Oruppe erkennen zu 
kbnncn. Ferncr wird die Wirkung auf verschiedene ammoniakbil- 
dende Prozesse jc fiir sich untersuebt, in der Absicht, zu erfahren, 
ob die Giftwirkung auf die rcrschicdenen Enzyrrisysicme die gleiche 
ist. Weiterhin werden cinige ‘\’ersuche niit Bacierhim call iinter- 
nommen, um zu untersueben, ob von den nacbge\viesenen Verbalt- 
nissen etwa einiges nucb fiir den Stoffwcchsel der Bakterien Geltung 
bat. 

Die urspriinglicb mebr kliniscb gericbtetc Problemstellung betref- 
fend die Hemmung dor Ammoniakabwelir dcs Organismus durcb 
IVIandelsaurc wird aLso zuriicktreten binter einer experimentellen 
Untorsnobung iiber den Einfluss der Mandelsaure, der Benzoesaure 
und denjenigen einiger mit diesen nabe verwandter Stoffe auf ver- 
.sebiedene ammoniakbildcnde Prozesse. Durcb cin derartiges Stu- 
dium der Wirkung dieser Stoffe auf verschiedene intermediare Ab- 
bauprozc.sse jc fur .sich diirften bcsscre Voraussetzungen fur ein 
vertieftes Verstandnis fiir sowobl deren Gift\t’irkung auf bohere und 
niedrigere Organismen als aucb fiir ihre therapeutischc Wirkung 
geschaffen werden. In diesem Zusammenbang sei betont, dass ausser 
der Benzoc.saure und der ^Mandelsaure besonders noch die Salicyl- 
.saure grosse.s Intcresse yerdient, da sie, jenseits ihrer wichtigen 
therapeutischen Venvendung, we die Benzoesaure in der Lebens- 
niittelchemie eine bedcutende Rolle als Konservierungsmittel spielt. 



Friihere Untersuchungen iiber den Einfluss der 
Benzoesaure und nahverwandter Stoffe auf 
verschiedene Enzymsysteme besonders 
innerhalb des intermcdiaren 
Stoffwechsels. 

t)ber die thcrapcutischcn Wirkunpen der ManclclHriim- und der 
Salicylsaure liegt oinc bctrachtliche Anzal.l klini^cher Abhnndlunpen 
vor, die jedoch bier nicbt besprochcn werdcn Holbni. ElK-nsowenip 
sei bier auf die zablrcicben allgemcincn Untorsuoliunpen eingepangrn. 
die binsicbtUcb der Dcsinfdiionswirhnig drr Jknznmtvre rind 
Salicyhdurc vorgenommcn warden, cs soli vielniebr nur auf cinipe 
Arbeiten mit Literaturangabciv bieriiber vorwicscn werden: SltTEH 
(1941), betreffend die Salicylsaure und ibro Derivato, und AsdueseK 
(1929) soude Lagoni (1940/41) binsicbtlicb der Bcnzocsrniro.^ 

Dagegen ist cs von Intercsse, bier fiber cinigo friibcrc I'ntcivu- 
ebungen zu referieren, die sicb mit tibnlicbcn Problcmcn befnssen, 
wie sie die vorliegendc Arbeit bcbandelt, niimlicb init dem s|>czicllcn 
Einfhiss der betreffenden Stoffe auf vcrschiedcnr Eiizynwjdcmc. 

Es gibt einige Untersuchungen fiber den Einfluss der Jienzoesdure 
und der Salicylsaure auf versebiedeno bcim Abbau wn Nahrsloffcn 
wirhsame Enzyme. Die Ergebnisse dieser Untersuebungen pcbeinen 
jedoch nicbt ganz ubereinzustimmen, Immerbin sebeint aus ibnen 
hervorzugehen, dass Benzoesaure die Pcjmnvcrdauung heinmt 
(Koenig 1931, Kluge 1933). Wabrend nach Kluge (1933) die 
Starke- und fett-verdauenden Enzyme nicbt becinflusst zu werden 
scheinen, finden Bleyeu, Diematr u. Leonhard (1933) cine Hcm- 
mung der Wirkung von sowobl Pepsin als auch von Amylase und 
Lipase durch Benzoesaure. Im nllgemcinen fibt nach diesen Eor- 
schem Salicylsaure eine noch kraftigere Wirkung aus als Benzoe- 
saure, wabrend ibnen Natriumbenzoat eine crbcblich scbwacberc 
Wirkung als freie Benzoesaure zu haben sebeint, auch wenn bci den 
entsprechenden Versuchen pH auf gleicbem Niveau gebalten wurd. 
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Im Hinblick auf die vorliegcnde Untersuchung ist indessen der 
Einfluss der betreffcnden Stoffe avf die Wirksamhit der intracellu. 
laren Enzifme von grosserem Interesse. t)ber einige Arbeiten wurde 
Echon berichtet. Sie zeigten, dass Benzoesaure den Abbau von 
Eowohl gev-issen Feimuren nls auoh gewissen d-Aminosanren im 
A tcren- und Lcbcr-Ocu'cbe hommt. Gerade die Hemmnng des Abbaus 
von d-Aminosauren ist bier von Bedeutung. Klein u. Kajiin (1941), 
die dies untersucht haben, studicrten nntcr anderem die Hemmungs- 
wirkung auf d-Aniinosaiireoxydnseenzym von hohem Reinheitsgrad 
und fanden, dass die durch die Benzoesaure hervorgerufene Hem- 
inung revorsibel ist und vnhrscheinlich auf der Bildung eines Ben- 
zoesaure- d-Arainosaurcoxydase-Koniplexes beruht. 

eitorbin ist cs intcrcssant, dass Thunberg (1913) gezeigt hat, 
dass Benzoesaure und versebiedene ihr nahestehende Stoffe in iiber- 
lebender Froschmvskulaiur den Gasavstavsch stark hemmen, sovie 
dass MlnL^N (1928) gezeigt bat, dass Benzoesaure soivie o-Oxy-, 
und j)-Oiy. Benzoesaure die Sitccinodehydrogenase in der 
Muskulatur hemmen, -vveiterlnn aucb, dass Collett u. Cl/VRKE (1929) 
nachgevTcsen haben, dass Benzoesaure die Wirksamkeit der Citro- 
nensdure^, Glycerinphosphorsdurc-, IJilchsaure-, l-Apfelsdure- und 
Succino-Behydrogenase in der Muskulatur hemmt. Bleyee u. 
Mitarb. (1933) zeigten in der oben zitierten Untersuchung auch, 
dass Benzoesaure und Salicyhdure die Wirkung der Succinodehydro- 
genase in der jMuskulatur und die der Schardingerdehydrase in der 
^lilch hemmen. Audi bier ist die Wirkung des Natriumbenzoats 
geringer als die der freien Benzoesaure. Griffith (1937) fand, dass 
die durch Benzoesaure hervorgerufene Henimung des Stoffwechsels 
im Lebergewebe mehr in den Glykose-Milchsdxire-Sioffivechsel als in 
den Bemsteinsaurestoffwechsel IvAnovics (1942) konnte 

zeigen, dass Natrhimsalicylat das Wachstum gevnsser Bakterien, imter 
anderm das von Colibakterien, hemmt. Bei naherer Untersuchung 
fand er, dass die Salicylsaure in den Bakteriencellen die Bildung der 
fiir deren Wachstum notigen Pantothensdure hemmt. Bei der Unter- 
suchung von mit der Salicylsaure vervandten Stoffen fand er, dass 
die Benzoesaure eine schvacbere und weniger typische Wirkung 
ausiibt. 

Nachdem vorliegende Untersuchung begonnen vorden und die 
vorlaufige hlitteilung iiber die Hemmungsvirkung der Mandelsaure 
herausgekommen war (Herner 1942), Avurde von v. Euler und 
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Mitarb. cine Anznlil von Untcrsnchnngen iiber «lie hnnmnnh 
Wirbnig der SaUcylsuurc unci ciniger nixhvcnvntnUcT Stoffe niif 
verschicdcnc isolicrtc. Enzyiiw^yaU me vcrdffcintHcht. iliew Arbcit''-u 
gehen nus von den obcngcnnnnton UntcrHuehuiigen von IvAnovic.h 
soRic von dor Entdeebung dcs Anlagonismtift zirkrhfn (hr 'p-Amlnn- 
benzoesdvre. iind den Sulfanilamiddrrh'nien diirch AYooDS u. Fildrs 
(1940). V. Euler und Mitarb. vormuteten, dnsj; durch Untemi- 
chungen an isolierten EnzymBVstcmen ein klaren^ iind uber.'iichtliehe- 
rer Bcscheid dnriibcr 7.u crlmlten Fci, no die Antivitatnitic nngreifen, 
als auf dera Wege dcr friiheren Untcmiciningcn nn in den CcHcn 
gebundenen Enzymsystemen, Die Vcrfa.sBcr (Ai>Lr.u, v. Euleu u. 
Skarzynski 1942; v. Euler 1942) begannen mil dor UnterBudning 
der Glykosc- und Milchsaurc-Dehydrnsnnrkuny. Die C’o7,ymn}-e 
ein Bestandteil die.Bcr Enzyme. AI.b Hcmnning.B.snbstnnzen, Antii'ita- 
mine, verwendeten de in crater Linic KiUotinPiinre ni\d o-Fyridin* 
sulfonsaure, die mit dcr Cozymnsc chemisdi verwandt aind. Pic.BC 
Stoffe hemmen die Wirkung dcr untcrauditon Enzyni.ay.Bteme, n*a-s 
als cine Verdrangung der Cozymnse voin Apoenzym erklart werden 
kdnnto, analog dem Konkurrenzvcrhrdtnis, das man als zwischen 
der p-Aminobenzoesaure und den Sulfanilnmiddorivuten bcatchend 
annimmt. Gegen diesc Erklfining fipriebi jedocb, nach den Verfn.sscm, 
da&s StoCfc oUne deuUicbc. cbenwebc Vctsvandlacbnli mil der Co7,y* 
mase, z. B. verschiedcnc cydijichc Cnrhonscixtren nnd Snlfon-'^dnren. 
nde Benzoesaure, Salicylsuurc und Sulfnnilsaure ebenfnll.s die unler- 
suchton Enzymsyslemc hcjnmcn. 

Bei Milchsauredehydrase findet. v. Euler (1942) folgende Hem- 
Biung, venirsacht durch verschicdcnc, bei den angeiiebcnen Konzen- 
trationen von ihm untersuchtc Stoffe: 


0,02 Mol/1 Benzoesaure. 
0,0 1C Mol/1 Benzamid ... 
0,02 Mol/1 Salicylsuurc . 
0,04 Mol/1 0 

0,02 Mol /I Sulfanilsaure 


24 


/o 


o' 

J'O 


72 '’.A 

•“ ,o 



V. ULEE u. Ahlsteoji (1043 a) erweiterten die XJntersuchungen 
un anden, dass Salicylsanre auch die Sucxinodehydrasctcirkuny 
enwit. Dies, meinen die Verfasscr, sprcche wiederuni gegen den 
t^edariken dass die Hemmungsnirkung der untersuchten Stoffe auf 
er rangung dor Cozyniase beruhe, da die Succinodchydrase, 
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Avie bekannt, oline Cozymase arbeitet. Dieselben Foescher 
(1943 b) koimten an lebenden Ratten auch nachweisen, dass der 
Gehalt an Brenztraubensaure im Blut nach Salicylatzufuhr per os 
steigt, AA’as nach Ansicbt der Verfasser auf einer Hemmung der 
Enzymwirkung beruht. 

Aus ibren Untersuchungen ziehen v. Euler u. Abesteom (1943 b) 
den Schluss, dass die Hemmungswirkung der Salicylsaure auf die 
untersucbten Enzymsysteme wahrscheinlich nicht auf eiuer Coen- 
zymverdrangung vom Apoenzym berubt, sondem darauf, dass die 
Salicylsaure in der Apozymase eine andere Gruppe angreift als die 
AffinitatssteUe der Cozymase, oder dass sie, weniger spezifisch, die 
ganze Apozjnnase schwiicht. 

Diese Untersuchungen von v. Euler u. IVIitaeb. sind von beson- 
derem Interesse, teils AA’eil sie sich mit der Hemmungsvirkung ver- 
schiedener Stoffe befassen, die auch in der vorliegenden Arbeit eben 
darauf untersucht wurden, teils weil sich Beriihningspunkte zwischen 
den hier ^tnd dort unlersuchten Enzymsystevien finden lassen. So 
kann die I (+) Glntaminmure, die hier untersucht wurde, durch 
eine Dehydrase abgebaut "werden, die in ihrer Wirkimg von Code 
hydrase I (Cozymase) oder Codehydrase II abhangig ist (v. Euler, 
Adler, Gunther u. Das 1938). Eiir die in der vorliegenden Arbeit 
untersucbten Verhaltnisse gilt Jedoch, dass die Enzyme sich oft noc 
in den Zellen befinden und nie so frei sind vie bei den Versuc^ en 
V. Eulers imd seiner Mitaeb.; dennoch konnen sich ^e Erge msse 
hier und dort gegenseitig beleuchten, Aveshalb noch eine dies g 


hche Diskussion erfolgen soli. 

JedenfaUs scheint sich aus den referierten Untersuchungen zu 
ergeben, dass Benzoesaure und Salicylsaure verscMedew 
intermedidren Stoffwechsel vergiften. Hinsichthch einer ^ 

chenden Wirkung der Mandelsaure scheinen ausser d^ nQ4.2^ 

fiihrten Untersuchungen von Lehmann (1938) und Herne 


keine Aveiteren vorzuliegen. 



Ammoniakbildende Prozesse im Nieren- 
und Leber-Gewebe. 

Da die vorliegendo Untersuchung beabsichtigt, die Wirkung der 
Benzoesaure und nahe venvandter Stoffe auf die Ammoniakbildung 
im Nieren- und Leber-Gewebe zu studieren, sollen die wicbtigeten 
ammoniakbildenden Prozesse in Nicro und I/!ber und die dnbei 
arbeitenden Enzyme einleitend kurz besprochcn worden. 

Ammoniakbildung nus AmlnosSuren. 

Seit langer Zeit ist es bekannt, dess das Ammonink, das in den 
ebengenannten Organen gebildet Avird, zum grosscn Tail bei der 
Desaminierung der Aminosduren freiwird. Indcssen waren es im 
weiteren vor allem die ganz besonders cingehcnden Untcrsuchungen 
von Khebs (1932, 1933 a und b, 1935 a und b, 1939) iiber den Ab- 
bau der meisten bekannten Aminosaurcn ira Nieren- und Leber- 
Gewebe, dutch die unsere Kenntnisse von der Rolle der Amino- 
sauren als der wichtigsten Ammoniakspender in Niero und Leber 
vertieft wurden. Auch Ber>*heim u. Mitarb. (1932, 1934 a und b, 
1935 a und b, 1936) haben hiertiber vichtige Untersuchungen geraacht. 

In den folgenden Untersuchungen wird dahcr der Einwirkung der 
Benzoesaure und nahe verwandtcr Stoffe axif die Desaminierung der 
Aminosauren im Nieren- und Leber-Gewebe besondere Aufmerksam- 
keit zugewandt. 

Wie bekannt sind die in der Natxir vorlwnmenden Aminosduren 
zum weitaus grossten Teil von l-Konsiitution, weshalb es am nachsten 
liegt, vor allem 1-Aminosauren zu untersuchen. Es ist jedoch wich- 
tig, auch die d-Aminoaduren zu studieren, denn mancherlei spricht 
dafiir, dass auch sie heim Staff loechsel etne i?o77e spielen konnen. 
Einige der wichtigsten Untersuchungen, die dies beleuchten, sind die 
folgenden; 

Wohlgemuth (1905) fand bei der Eiitterung von Kaninchen mifc 
der dl-Form von Tyrosin, Leucin, Asparaginsiiure und Glutamin- 
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saure, dass die 1-Komponento so gut vie vollstandig abgebaut 
vTirde, v’ahrend die d-Komponente in grosserem oder kleinerem 
Umfang im Ham ausgeschieden wurde. Dakin (1910/11) und Ko- 
TAKE, Matsuoka u. Okagawa (1922) konnten das Gleiche bei Ver- 
fiitterung von dl-Tyrosin an Katzen resp, Kanincben nachweisen, 
ebenso Abderhalden u. Tetzner (1935) bei Versuchen mit dl- 
Alanin an, unter anderem, Ratten. Aus diesen Versuchen geht hervor, 
dass der Totalorganismus l-Aminosauren leicht, d-Aminosauren 
dagegen nur ziemlich begrenzt abbauen kann. 

Indessen liegen auch Versuche vor, aus denen sich ergibt, dass 
der Organisnius d-Aminosauren nicht nur abbauen, sondem sie sich 
sogeir zunuizc macbtn kann. Mehrere Forschei haben so durch Tier- 
versuche zeigen konnen, dass die d-Form einer unentbehrlichen 
Aminosaure das Wachstum bei Tieren im Gang halten kaim. Von 
Berg u. Potgieter (1931/32), dti Vigneadd, Seaeock u. Van Etten 
(1932) irurden derartige Versuche mit Trj’ptophan angestellt, mit 
Methionin von Jackson u. Bwok (1932/33) und mit Histidin von 
Cox n. Berg (1934). Conrad u. Berg (1937) konnten weiterhin 
nachweisen, dass Versuchstiere, die auf 1 ( — )histidinarme, aber mit 
d (-|-)Hi8tidin komplettierte Kost gesetzt waren, in reichlicherer 
Menge 1 ( — )BKBtidin im Gewebe aufspeicherten, als es den kleinen, 
in der Nahrung vorhandenen Mengen entsprechen konnte. Die di« 
rekte Umwandlung einer d- Aminosaure in die entsprechende 1-Form 
konnten dit Vigneadd u. Irish (1935 u. 1937/38) zeigen, indem 
sie bei Tierversuchen die d-Komponente der biologisch nicht vor- 
kommenden Phenylaminobuttersaure per os verabreichten, worauf 
sie nachweisen konnten, dass im Ham das Acetylderivat der 1-Kom- 
ponente der Aminosaure ausgeschieden wurde. 

In den letzten Jahren ist es auch gegliickt, unter Verwendung 
von Isofopen einen etwas tieferen Einhlick in diese Umwandlung von 
d-Aminosduren in l-Aminosauren zu bekommen. So haben Ratneb, 
ScHOENHEEHER u. RiTTENBEBG (1940) nach Fiitterung von Ratten 
mit d (-j-)Leucin, das an der Kohlenstoffkette Deuterium als i 
kator und in der Aminogruppe schweren Stickstoff (N^ ) a s 
kator enthielt, nachweisen konnen, dass die d-Komponente vom 
Organismus abgebaut und teilweise in 1 ( )L6ucin umgewa.n ^ 
wird. Nach Isolierung dieser Aminosaure vom 
konnte eine betrachthche Menge Deuterium an der o ens 
kette nachgewiesen werden, was ein Zeichen dafiir war, 
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Im Hinblick auf das zuvor Gesagte scheint es aber jedenfalls 
nicht mehr adaquat zu sein, die d-Aminosauren als »mcht natiir- 
lich>> zu bezeichnen. Freilicb kommen sie, soviel man bis jetzt 
■\veiss, in der Natur so sparsam vor, dass sie beim Stoffwechsel nur 
eine sehr geringe Rolle spielen kdnnen; der Tatsache aber, dass 
sie vorkommen, ist beim Studium der Fabigkeit des Organismus, 
Aniinosauren abzubauen, natiirlich Beachtung zu schenken. 

Aus vorher referierten Untersuchungen ging klar hervor, dass der 
Orga7iisrmis aiich d-Amiyiosaitren abzubauen vermag; es besteht aber 
eine gevisse Verschiedenheit zwischen dem durch den Totalorganis- 
nnis bewirkten Abbau von d-Aminosauren und deren Abbau bei 
In-vitro-Versuclien mittels aus Nieren- und Leber-Gewebe stam- 
menden d-Aminosaureoxj'daseenzyms. Im Totalorganismus werden 
die d-Aminosauren bedeutend langsamer als die 1-Aminosauren ab- 
gebaut, vahrend in vitro das Gegenteil der Fall ist. Die erwalinte 
begrende Fahigkeit des Totalorganis7nus, d-Aminosmiren abzubauen, 
diirfte die Ursache sein, Avarum solche Sauren, AA’enn sie in grosser 
Qnantitat gegeben AA-erden, leicht ausgeschieden Averden, obne einen 
Abbau erfahren zu haben, AA’ahrend der Organismus anscheinend 
die meisten A’-on ihnen abbauen kann, Avenn sie in geringer Menge 
zugefiihrt AA’erden. 

Es scheint daher wohlniotiviert, bei A'orliegender Untersuchung 
auch die d-Aminosduren zu beriicksicJiiigen, auch AA-enn es noch nicht 
feststeht, dass das Nieren- und Leber-GeAvebe sie u n t e r norm a- 
len XJmstanden abbaut. Hierzu kommt, dass die d- resp. 
l-Aminosduren, soAveit man dies nach den bis jetzt duxcbgefiihrten 
Untersuchungen beurteilen kann, offenbar durch verschiedenartige 
Enzyme und auf Amrschiedenen Wegen abgebaut AA-erden. Hierdurch 
AA’ird die Begrundung einer Untersuchung iiber die EinAAirkung der 
Benzoesaure und naheverAvandter Stoffe auf den Abbau von soAAohl 
d- als auch, l-Aminosauren nochmals unterstrichen. 

Wie friiher erAA'ilhnt, hat vor aUem Kbebs (1932, 1933 a und , 
1935 a und b, 1939) grundlegende, ausfuhrliche Untersuchungen 
iiber den Abbau der Aminosauren im Nieren- und Leber eAve 
und iiber die dabei AA-irksamen Enzyme vorgenomraen. Auch ek 
HEIM u. Mitaeb. (1932, 1934 a und b, 1935 a und b, 1936) a en 
ihren Beitrag an eingehenden Untersuchungen hieriiber ge e e 
besonders die Oxydation verschiedener d-Aminosauren in le 
Aveben zum Gegenstand ihrer Forschung gemacht, ihre 
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haben eie hauptsachlich in vitro, mittcls dcr Wnrbiirpi^chcn Technik, 
angestellt. 

Nach Kkebs vird dcr Abbnn fast nller Aminociiiin-n, oinerloi ob 
sie der d- Oder der l-Form angehbrcn, im Nicron- imd Lct><?r-Gc-rvebe 
nach dem von Neitbator (1P09), Kkoop (J910) und KEunAUKR u. 
FBOJniEBZ (1910/11) aufgcsteUton Sclipma durch einf oxydntive 
Desaminiening unter Bildung dcr entsprcchcnden Kcto?anr<' und 
unter Ammoniakbildung cingcleitot. 

Die Bedingungcn filr den Ahhan dcr d- und l-Aminnt’hircn flimmrn 
jedoch nicht vbllig ilbcrein. So hangt der Abbaii der l-Amino^ruircn 
davon ab, dues das Gevcbo relativ nnbcpchudigt tmd Foine ZcH* 
struktur erhalten geblieben ist. Diesc Sfiurcn v-crdcn nur in Gc* 
webeschnitten und konzentricrtem Gcv,-ebcbrci nbgobaut, und ihr 
Abbau wrd durch Octylalkohol und Kaliumcyanid gchejnmt; all 
dies im Gegensatz zu den beim Abbau dcr d-Aminoeaurt-n horr- 
schenden Verhaltnisscn. Dicscr kann auch in verdunnten Auf- 
schlammungen von Govebebrei und in Gcwcbcextrakten vorsich- 
gehen. Wie oben (Seite 17) onvahnt, verden die d^Amino^aurcn 
unter solchen Umstanden — im Gegensatz zu den Vorhaltnissen im 
Totalorganismus — bedeutend rasehcr abgebnui als die 1-AminO' 
sSuren. Krebs nimrat daher, auf Gnmd all dicscr Vcrschicden* 
heiten, an, dass es ztvei verschiedcnc Enzymsystemt gibt: eincs ftir die 
Desaminierung der l-Aminosaurcn und einos fur die d-Aminosauren: 
jedoch nicht in dcr Weise, dass die beiden Systeme ganr unglcich 
und ganz unabhangig voneinander vraren, sondom so, dass die 
empfindlichere l-Aminosaureoxydaso das volhvertige Enzjnusy'stern 
darstellt, von dem dann die d-Aminosaureoxydasc nur ein woniger 
leicht anspreohendes Fragment ware. Auf diese Art, meint Krebs, 
losse sich das Vorhandensein eines d-annnosdureabbaiicndcn Enzyms 
verstehen trotz der Tatsache, dass d-Aminosauren in Nicrc und Leber 
nonnalenveise nicht abgebaut werden. Sonst, sagt Krebs, niiisse 
m^ sich vorstellen, die Anwesenheit der d-Aminosaureoxydase sei 
dadurch begriindet, dass die Aminosaurensjmthose in den genannten 

rganen xacemisch gesohche und zunachst Aminosauren sowohl von 
d- als auch von l-Form ergebe. Dio Aufgabe dor d-Arainosaure- 
oxy a^ wur e dann sein, die d-Komponente abzubauen, sodass nur 
Joh ' B Gewebo eingebaut werde. Diese Erklarung, die 

ifit u. Berrhem (1935 b) ins Fold gcfuhrt worden 

•ur e von verschiedenen Seiten gestiitzt, unter anderm von 
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Rodkey u. Gabker (1938), von Kroop (1942) und von Abdeehal- 
DEK (1942). Indessen ist sio immer noch eine blosse Theorie, denn 
es echeint nicht gelungen zu sein, \virklich zu zeigen, dass die 
Aminosauresynthese im Organismus racemisch erfolgfc. 

Warburg u, Christiak (1938) ist es gegliickt, aus dem Extrakt 
von Nieren- und Lebergewebe das d-AminosUiireoxijdaseenzym ziera- 
licb rein berzustoEen sovde zu erkennen, "wie es gebaut ist, Es 
besteht aus einem Proteinteil und einem Coferment, das ein AUoxa- 
zin-adenindinucleotid ist. Es ist zu den Oxhydrasen zu rechnen (Op- 
PEKHEDIER, 1939). Nach Warburg u. Christian ist es vahr- 
soheinlich, dass das isoEerte Enzym alien d-Aminosauren gemein- 
sam ist. Hieriiber sind jedoch die Ansichten geteilt. Zum Beispiel 
heben Karrer u. Erakk (1940) hervor, durch die reine d-Amino- 
saureoxydase vurden nur gev-isse d-Aminosauren abgebaut, andere 
jedoch nicht. Dies bestreiten aber Holtz u. Buohsel (1941/42), die 
keine Stiitze fiir die Behauptung linden konnen, dass verschiedene 
d-Aniinosauren durch verschiedene Enzj’me abgebaut vdirden. 

Das WahrscheinEchste diirfte sein, dass die d-Aminosauren in der 
Regel im Nieren- und Leber-Oetvebe vom gleichen Enzym abgebaut 
verden und untcr oxydativer Desaminierung die entsprechende 
Ketos&ure und Ammoniak nach dem gleichen Schema bilden. 

Nach der urspriinglichen Auffassung von Krebs (1935 a) -vviirde 
der Abbau der l-Aminosauren im Prinzip dem gleichen Schema folgen 
wie der der d-Aminosauren. Dies erscheint jedoch nicht sehr wahr- 
scheinlich, v’enn man nach den Ergebnissen einer grossen Zahl von 
spater gemachten Untersuchungen urteilt, Es war namlich nicht 
mogUch, fiir die Z-Aminosauren ein gemeinsames Enzym oder einen 
gemeinsamen Weg des Abbaus nachzuweisen, der fiir die einzelnen 
Individuen ebenso genereE passen vdirde wie das Entsprechende fiir 
die d-Komponenten. Die Verhaltnisse soheinen verwiokelter zu sein, 
und anscheinend ist es auch wirklich gelungen, nachzuueisen, ass 
spezielle Abbauwege fiir eine grosse Anzahl von l-Aminosdure7i jot 
liegen. Es ware jedoch denkbar, dass die Desaminierung der ’ ^ 
nosduren durch die von v. Euler, Adler, Gunther u. Das 

nachgemesene l{-\-)Olutaminsduredehydrase kombiniert 

Braunstein u. Kritzmann (1937/38) und Bbaunstein (1 um 
gewiesenen Olutamico-Aminopherase auf einem allgemeineren g 
erfolgen konnte, v. Euler u. Mitarb. gelang es, vor a em i 
Leber, aber auch in der Niere und anderen Geweben, as 
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men einei* auf l(+)Glutaminsaure spezifisch eingestellten Apode- 
liydrase nachzuweisen. Diese Apodehydrase in Vcrbindung mit 
Codehydrase I oder H dchydriert l(+)GlutaminBaure zu Iminoglu- 
taTsaure, die dutch Hydrolyse spontan in a-Kctoglutarsaiire und Am- 
moniak zerfallt. Die Eeaktion ist reversibel, Braenstein u. I£ritz- 
MAEN Aviesen in der Muskulatur, aber auch in dcr Niere, der licber 
und anderen Geweben das Vorkommen zweier spezifischer Enzyme 
nacb, die durch sogenannte Umaminierung die Aminogruppe einer der 
beiden Aminodicarbonsauren, entweder der Asparaginsaure oder der 
Glutaminsaure, in eine a-Ketosaure iiberfiihrten, sodass entweder 
Oxalessigsaure oder a-Ketoglutarsaiire nebst der der a-ICetosaure 
entsprechenden Aminosaure gebildefc Avurdc. Audi diese Rcaktionen 
sind reversibel, und nur l-Aminosauren scheinen an ihnen tednehmen 
zu konnen. IVIittels einer Kombination dieser Enzyme haben Braun - 
STEIN u. Bychkov (1939) ein zellfreies, l-aminosauredesaminierendes 
Enzymsystem hergesfcellt. Sie konnten namlich mit l{-i-)Alanin und 
a-Ketoglutarsaure als Substrat und mit Pyocyanin als Wasscrstoff- 
iibertrager das Alanin gemass folgendem Reaktionsverlauf desami- 
nieren: 

1.) 1(+) Alanin 4- a-Ketoglutarsaure—^ l(4-)Glutaminsaure Brenz- 
traubensauie (Umaminierung). 

2-) l(+)Glutaminsaure — 4 a-Ketoglutarsaure + Ammoniak (Gluta- 
minsauredehydrierung) . 

InAvieiveit dieser von BRAUNSTErN u. Bychkoa'^ nachgeuiesene 
Weg des Abbaus von l-Aminosauren Aveiterreichende Bedeutung hat, 
steht unter Diskussion. Cohen u. Hbkhuis (1941) sind der An- 
sicht, dass es fiir eine solche Annahnic keine Stiitze gebe. 

Ammoniakbildung aus AminosSureamiden. 

Im vorhergehenden AAurde die Rolle der Aminosauren als Ammo- 
niakerzeuger behandelt. Hierbei entstammt das Ammoniak der 
minogruppe. Handelt es sich um die Amide der Aminosauren, 
sparagin und Gluiamin, kann jedoch das entstehende Ammoniah 
uc der Amidgntppe, enistammen, ein Prozess, der dutch spezifiscbe 
nzyme, Asparaginase und Glutaminase, vermittelt Avird, Die Aspct- 
aginase, die in der Hefe eingehend studiert Ai'orden ist (Geddes u. 
enter 1928, Grassmann u. Mayr 1933), vmrde unter anderem 
im Nieren- und Leber-GexA'ebe Amrschiedener hbherer Tiere 
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nacligewiesen (Lang 1904, v. Filnrn u. Frikdmakn 1910, Geddes 
ti. Hentee 1928. Krebs lo:},") b, Sefx'KI 1936). Die Glutaminase 
wurcie von Kerbs (1935 b) v.u.sninmcn mit clcr Aspamginase bc- 
sonders im Nicren- und Txber-GeAvcbe von Kaninchen und Meer- 
schweinclien studiert, und der Verfas,ser britigt gewichtige Griindc 
vor fur die Annnhnic, das'^ es stcli liicrbei utn zwei verschiedene 
Enzyme linndle. Kr wt'ist auclj nach, dass die Glutaminase ini 
Nieren* und die im Ixlx'r-Geivebc offenbar nicht. dem gleichcn Typ 
angchoren, und diskutiert die Mijgliclikcit, da.s.s Nierenglutaminase 
unter pbysiologi.'iehen 'Wrbrdtni>sen nacli svntbctischer .statt nach 
hydrolytischer Kirhtung bin urbeite, weshalb sie unter normalen 
Verhrdtnis.<en keinc Aminoniakbildung vennittle. 

Da jedoch Ghilatntn und im Organismus ammomak- 

hildcnd auftreten, scheint e.'j Moldmotivicrt, auch don Einfluss dcr 
Benzoesfiurc nu{ die De.'^ainidierung dic.ser beidon Stoffc zu unter- 
.suchen, umsomebr nl.s cs intere.«sant ist, die Wirkung der Benzoe- 
saurc nuf dirw Enzyme mit derjenigen zu vcrgleichcn, die sic auf 
die aminosauredesnminierendon Enzyme ausubt. 


Ammoniakbildung aus andern Amiden. 

Es ist von Intcre.s'io, auch einige cinjachc Amide zu untersuchen, 
da auclj die.'w* im Organisnnus vmgcsctzl verden Icdnncn. Schon 
v. Nenck! (1873) und Saekow.ski (1877/78) zeiglen, dass Benzamid 
im lierischon Orgnnismu.s in Benzoc-saure umgcwandclt vird, und 
Cohn (1890) wirs naeli, dass im Hundcorganismus Benzamid aus 
Bc‘nzaldoh 3 'd .s\-nthetisiert wird. In ncuercr Zeit haben Waelsch u. 
Be.sztin (1937) im Kieren- und Lcber-Gcwebc des Pferdes cine 
Bctizninidmc nachgenviesen, die Benzamid aus Benzoesaiire synthe 
tisiert, im Kierengewebe aber Benzamid auch abbaut. Ferner hat 
Bern-hard (1938) einen Abbau vonschiedenor Alkyldcrivatc des 
Benzamids bei Futteningsvensuchen an Hunden nachgeuiesen. 
den vorliogenden Untersuchungen (Seite 60) ergibt sich auci, c- 
im Lebergewebe von Ratten besonders stark das Benzaim , 
auch Acetamid und Propionamid der Desamidierung ® 

Aus diesem Grunde inirde aucli die Wirkung untcrsuci , . 

Benzoesaiire auf die liierbci wirksamen Enzyme ausu , 
die Fragc nach dcr JioUe diescr Amide als Ammomakspen ei 
natiirlichen Verhilltnissen noch nicht cingehender 
sein scheint. 
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Ammoniakbildung aus dcr Imidazolgruppe 
des Histidins. 

Im Histidin komnit Stickstoff in dcr Aviinogrnppe tind irn Imida- 
zolrhig gebundcn vor. Eino Amnioniakbildmig knnn man f^icb nl.«o 
als von diescn bciden Stellcn ausgchcnd denkcn. 3)iircli die Wirkung 
der Hisiidasc, oines Enzyms, das bci eincr Anznhl hbherer Tierc in 
der Leber nachgewiesen vurdo, wird namlicb der huidazolring des 
l{—)H{s{id{ns geoffnet, und cs vird Stickstoff in der Form von 
Ammoniak frei (Edlbaciier u. Mitarb. 192G, 1920, 19.21, 1934). 
Histidin kann jedoch nuch diirch Desaminkning abgebaut vorden, 
v’obei Urocaninsaiirc entsteht (Kotakr n. Koxisin 1922). Dor erst* 
erwahnte Weg diirfte jcdoch beim Abbau de.s Hi.'^lidin.': in dor Ijobor 
der wiehtigere sein (EoLBACnER n. Heita 1942). 

Da also die Histidasc Ammoniakbildung jm Organismu.s ermog- 
licht, und ihrer Wirkung nach cin EnzjTn von gan?. andcror Art ist 
als die friiher besprochenen, ist cs dem Vcrglcich r.tjlicbc von fn- 
teresse, auch die Wirkung zu untensueben, die die Benzoe.saurc auf 
die Histidase ausiibt. 

Ammoniakbildung aus Muskeladcnylsaure und 
nahesiehenden Verbindungen. 

Unter den Purinverhindnngen , die de.saminicrt verden kdnncn und 
so als Ammonialcspender dienen konnen, varen bo.sonders das Ado- 
nosin und die AdenyUaure Gegenstand dcr Untersuehung. So wiesen 
Emboen u. Schumacher (1930) nach, das.s liluskcladcnylsaure ira 
Nierengewebe Ammoniak abgibt. Hire Jiolle als A 7 tniH? 7 iiah$pendcr 
muss jedoch der der Aminosduren quantitativ inxterkgcn sein (Krebs 
1933 a). 

Die bei der Desaminicrung von Adenosin und Adcnylsaurc wirk- 
samen Enzyme wurden unter anderen von Schmidt (1928) in dor 
Kaninchenmuskulatur studiert. Schmidt Avies dabei naAi, dass bei 
der Desaminienmg der beiden Stoffe verschiedene Enzyme virksam 
Avaren. Er zeigte auch, dass d^irch Desa77nn{eritng tvii 3lvskcladcnyl~ 
saure Inosinsdme und Ammoniak entstaiidcn. Coravay u. Cooke 
(1937, 1938, 1939) haben die beiden Enzymsysteme in A*erschicdencn 
Kaninchenorganen eingehend studiert und gefunden, dass Adenosin- 
desammase besonders reiehUch in den Darmen und in dor Milz A*or- 

ommt, vahrend Niere und Leber eine scliAA-ache Enzymkonzentra- 
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tion auhvcii^cn, AdcnyUaiircdcsaminase komnit bcsonders in der 
Skolottniuskulatur vor, in andercn Org.inen dagegen in betracht- 
UcU goringorcr Mengc. In dor Leber z. B. ist ilir Vorkommen sehr 
bi'scJirankt \md ancli in der Nicrc reclit iinbedeutend, obscbon nicbt 
in gleichctn Grade wie in der Leber. 

Jn vorlicgender Unters\»chnng wird anch die Eimvirkung der Ben- 
zne^iure anf (ins ndonyLanredc.-^annnicrcndc Enzym studiert n erden. 



Apparatur und Technik. 


Die Versuche wurden unter Anwcndung der Wurburgsclicn I’cch- 
nik (Wakbuhg 1926) an Nicren- niid Lcber-Gctrche. von Jiatlcn au?- 
gefiihrt, wobei teils Oeweheschnitte, teils Gcwebccxirakt verwendet 
Avnrden. Weiterhin wurden anch Colibaklcricn nntersucht. Dbcrall 
wurde der Sauersiofiverbrauch und die Avwwniakbilflutig bestimint 
und die Wirkung verschiedener Stoffe auf diese Vorgange studiert. 

Das bei den Vcrsuclien angewandtu Verfahrcn soli nahcr gc* 
schildert werden. 

Versuche mit Nieren- und Leber-Gewebe. 

Bestlmmung dcs Snuerstoffvcrbrauchs. 

Gemeinsamc Technik bei Sclinitt- und 
Extrakt-Versuchcn. 

Die Versuche 'wurden. mit Hilfo von irnrlmri/sc/ifn Rcspiration/tgrfSi'sm von 
on. 16 ml Rnuminhalt und mit Luft nls Snuoretoffquello nuBgofillirt. Die Flfis- 
sigkeitsmenge in don Gefussen und diis Vcrsuchsgcwobo nnhmen Kusammen 
den Raum von 3,oo ml ein. Zwecks Absorption der Koldonskure wurden die 
Einsatze mit 0,20 ml 2n-Natronlnuge versohen. Wurdon weitere Stoffo zuge- 
setzt, so erfolgto dies von dem Annex aus, der sich soitlich am Gcfflss be- 
findot. Das Wasserbad hatte die Temperatur von 37, '5 C. Um vor Bcginn 
der Versuche ein Temperatur- und Gas-Gleichgewicht horzustcllen, wurdcn 
die Gefasse zuerst 15 min gesclivittelt, cho die Hfihno geschlosson wurtion und 
die Ablesung begann. Das Schiitteln orfolgte mit einor Froquenz von cn. ISO 
Schlagen in der Minute, bei einer Amplitude von ± 2 cm. 

Vcrsuchslosimgcn. Als flussiges Medium v-urde ICrobsscho »Phosphalsah- 
l6sung!> (I&iebs 1933 a) venv-endet; dieso besteht aus in Phosphatpuffer mit 
pH 7,4 gelostem Natrium-, Kalium- und Calcium-Chlorid imd Magnesiumsul- 
fat. Verschiedene Enzymsubstrate, Gifte und sonstigo Stoffo, die bei den 
Versuchen verwendet wurden, wurdon in neutralisiortor LOsung, im allgc- 
memen als Natriumsalzc zugesetzt. Die Stoffe lagen moist als Pro-nnalyai- 
Praparate vor oder wiesen doch einen obensohohen Reinheitsgrad auf wio 
so Che. Manchmal wurden schwer zu boschaffondo Stoffo hior hergestellt. In 
en a len wurde der Reinheitsgrad durch unter anderem Schmolzpunkts- 
^estimmungen kontrolliert. Bei der Darstellung und Besprochung dor 
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vorsohiodcnrn VPrsuchc w.Vd TJraprung iind Rfinlieit.sgrnd der ven-endeten 
Ntoffe jrwt'ils angogcbcn. 

Oar^fbr. Dio Orgnno wirdon von erwach.^^encn wd.iscn Batten genommen. 
Dio Tioro Ptnmmfon Pinntliclie von oinigen venigen Individuen nb, und da 
wifHloriiolt Inriicht crfoigt war, lag cin rolntiv homogenes Tiormaterial vor. — 
E« is! wicbtig, Haas die y.utn Vorsuch 7,n vcnvcndenden Tiero envnchsen sind. 
denn <-s Imt sieh gczeigt, dass der Stoffwcchscl bei nicht vollerwachsenen Tie- 
H'n sowobl noch stiirkor vnriiort n!s aueli gcringer ist als bei den envachsonen. 
Die gh'iche Bcobnrhtnng innchto Wi^tphai. (1D43) hinsichtlich der Wirkung 
von d-Aminosnurooxydeso in dor Rattenleber. Es wnirdon dalier fur die vor- 
liegondo Arbeit zicmlieh gleichnltrige, jiigendlich-crwnchsene Tiore (3 — 6 mon 
nit) verwcndet. Die Ernrihrung der Tiorc war mit Milclj tind Kuchenabfalt 
erfoigt; die Nahrting war also vielscitig. dnbei nbor zicmlieh homogen. 


S p e z i c 1 1 e T c c h n i k der S c h n i 1 1 r e r s u c h e. 


Hoi der Ilerxtfllun^ ivn Oetrrbeschnittrn ist es praktisch, .sofem es sich um 
Debersehnitto hnndclt, imtcr den envnehsenen Tieren die jimgeren, wie be- 
rcif« gcsngt, nicht fd)er fi mon niton Individuen zti vahlen. Bei ihnen ist das 
BindegowelK! der J^ober noch nicht so fest, dass der Konsistenzimterschied 
zwischen dic«etn nnd tiem rarenehyingowobe zu gross wird, um noch die 
Oewinnung gut brauehbnrer Schnitte zu ermoglichen, von Schnitten ntimlich, 
die eino genOgemd glcichmAasigo Dicke nufwei.sen und die nicht allzuselu' zer- 
fetzt Kind. Bei Kicrensclmittcn kommt es darnuf nicht so sehr an, da die 
Niert! eine fe.store und homogonere Konsistonz Imt. 

Dio Tiero UTrden durch oinen Sohing in don Naoken mit darauffolgendcr 
Dekapitation getbtet, woboi die Orgnne rasch den grossten Toil ilires Blutes 
verlicrcn. Dnnach tverden die Organo nus dem Kdrper genommen und die 
Nionni von den Bindegewebshunen befreit. 

Dio A’lVrcn verden durch cinon Schnitt von dor Konvexitut nach der Kon- 
kavitftl liin Imlbicrt und das Cnlyxgmvebe wird %veggeschnittcn. Dio Nieren- 
brdften worden dann fixiert, indcin man sie mit dor Schnittfliicho noch unten 
gegen eino Siobplatto snugH), u-ornuf die Horstelhmg der Schnitte mit- 
tols des Rasiennessers sofort beginnt. Dio Niorenbrdften, die noch nicht ge- 
brnucht werden, werdon bis nuf weitores in oinor cisgekuhlten Sohale nufbe- 
wahrt. Sowoit irgond moglich, werden die Schnitte von der Rindensubstanz 
genommen, tint! sio u-orden so dunn nnd gloichmussig horgestellt, wie es 
fiborhaupt goschohon kann. Von lA^bcrgcwebo homogeno Schnitte zu erhalten, 
ist Imdoutond schwicrigor. Dio Leber wird am boston in niorengrosso Stucke 
zorschnitten, von denen dann jodcs fiir sich zur Herstollung von Sclmitten dmnt. 
Zur Herstollung gocignetcr Schnitte bewahren sich am besten die der Oberflaclie 
nnhen Gowehcschichton, bc.sonders die auf dor konvexen Seite gelegenen. 
Hicr ist das Gewobo am homogonsten, nicht durchsetzt mit groberem Bm e 
gowebo odor durclizogon von groberon Gcffissbundeln. Dio Loberschmtte a 


’) Eino porzellancne Siebplatto von ca. 20 mm Dium^er 
weiteren Endo oinor schmnl zulaufenden Glasrohm fes go i 
Endo dor Rohro stcht in Verbindung mit eincr Saugpumpe. 


ist in dem 
Das andere 
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len indessen docli iinmor bodoutond dicker niis ftls XierenKchnittc iind vnriicrcti 
nucb mehr im Gowiebt. Dio borcita fortigen Schnitto werdon bis r.iir Fertig. 
stellung der ubrigen in oisgokuhltor Phosplintsftklosung nufbcwolirt. 

Die Schnitto cordon mit dor BANCscljen TorKionswagc niisgewogen. nnc}>. 
dem sie zuvor durch rasclies Abtrocknen fluf Filtriorpapier von Xroior FlORsig- 
keit bofreit ■wurden. Bei RoutinoversneUen wiirdo uiif cino nncbtrugbciic* 
Trockengersfichtsbostimmung vorzichtet. 

Die Genauigkeit dieses Verjahrens ergibt eieli ftus folgcndcn Gcwichtsvcr- 
suchen. Von den Nioron einca Tiorca wurdon Schnitto hergosteilt und Jiior- 
von 7 Portionon von jo 70 mg ausgewogen. Dio Gcwcbeporlioncn wxinlcii 
immittelbar nach der Wfigung gotrocknet, norniif cine Trockengowiclitsbo- 
stimmung vorgonommen mirdc. Das Trockongewicht bctnig im ^Jittoi 12,7 
mg; o = ± 0,33, d. h. ± 3 %. Ein ontspreebender Versueb mit 200 mg Le- 
bergowebo ergab boi jedor einzelncn von 0 Portionen oinon dnrchscbnittlicbcn 
Trockengewichtswert von 42,5 mg; tr — ± 2,3, d. b. 4; ft %. Fiir Ijoborgfwclic 
sind also die Versuchsfoblcr grosser, was daraxif borubon dnrfto, dass die Le- 
berschnitte 'vrenigor bomogen auaCnllcn und koine so glatto Schnittflilchc haben, 
wodurch die Abtrocknung vor dor Wugung nicht so glcichniassig orXolgt wie 
bei Nierensohnitten, 

Eine nachtragliche Trockcngeieichtabcstimmimg ist nneb dor Litorntur die all- 
gemoin Xiblicho Mothodo zur Bestimmung dor Gowobemengen boi Sebnittver- 
suchen. Dieso Mothodo ist abor mit einom crhcbliehcn Fohler Ijohiiftet. 
Besonders bei Lobersclmitton wird nrimlicb oin grosser Toil dos GowoImjs im 
Laufe dea Versuchos zu Broi, und diosor kommt dnnn nie vollatfvndig mit in 
die Trockengowichtsbostimmung. Dieso Fcblcrquollo wird uingangon, wonn 
man stch des hior boschriobonon VerXahrens bedient, das, wio KontroHvor* 
sucho zeigten, eine guto tlbcrcinstimmung zwischen don Gowobomengon in 
don verschiedonen Vcrsuchagofasson ergibt. 

Boi der Wahl der fur jedos t'^Drsucbsgefilss zu venvondonden Schnittmenge 
muss darauf Bucksicht genommen ■\vcrden, dass sie .so gross ist, dnsa dor 
Stoffwechsel mit genugonder Gonauigkoit bestimmt wordon kann, sowio ftucb 
darauf, dass die Sclinitto von Leber imd Isioron einos und dessclbcn Tiores 
fur eine genugondo Anzahl von Einzelversuchon in jo einom tVnrburggcfass 
ausroichen. Es zeigt sicb namlicb, dass, vrio boroits Scito 25 angedeutot, 
der Stoffwechsol in den Organon verschiedoner Tioro auch dnnn rocht be- 
trachtlich variiert, wenn dieso schon erwachson Bind; man muss deshnlb oinen 
vollstandigen Vorsuch, bestehond aus 6 — 8 Einzelvcrsucbcn, on den Organon 
eincs und desselben Tieres machon konnen. In gowis^son F&llcn, wenn grossere 
Versuohe notig waren, wurdon auch Schnitto von don Organon mohrerer 
Tiere zusammen verwendet, abor dnnn vnriiorto dor Stoffwochsel in den Pu- 
rallelversuchen mehr nls gewolmlicb. 

Das Endergebnis des StoffwechsolB hkngt natiirlicb ab von dor Davior dor 
X erauchszett. Diese muss jcdoch begrenzt werden, aollon nicht unerwunschte 
Faktoren mithereinspielon. Als gecignoto Versuchsdnuer wurde die Zoit von 
IVz Sid betrachtet, wobei die Amgleichszeit std) nicht tniicingcrechnet ist. 
In diosor Zeit durfto weder eino Bnkterionwirkung auftroton noch das Sub- 
strat aufgebraucht sein odor oine Enzyradestruktion sicb in nennensivortoin 
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Grade geltend machen, was daraus hervorzugehen scheint, dass der Sauer- 
stoffverbrauch und die Ammoniakbildung wahrend der ganzen Versuchszeit 
ungefahr gleichbleiben (Diagramme 1 — 8). 

Jilt Bucksichfc auf die genannten Umstande schienen 60 vig Nierengewebe 
(NassgetmcJit) in jedem Gefass eine geeigneto Schnittmenge zu sein; entspre- 
chend wnrde fur Lebergewebc eine Menge von 200 mg gewahlt, da hier der 
Stoffwechsel per Gewichtseinheit erheblich geringer ist. 

Spezielle Technik der -Extraktversuche. 


Die Organe werden auf die oben beschriebene Weise entnommen, worauf 
das Extraki im grossen und ganzen gemass Bernheim u. Bernheim (1934 a) 
bereitet wird. 



Figur 1. Einige Eisstucke werden unter eine umgekehrte Fetrischale gelegt, 
die in einer zum Teil mib Wasser gefullten grosseren Sohale steht. Die Luft 
unter der Petrisehale wird durch einen zu diesem Zweoke unter sie hineinge- 
steckten Gummischlauch abgesaugt, sodass die Eisstucke sich unmittelbar ge- 

gen die Petrisehale legen. 

Die Organe warden auf eisgekiihlter XJnterlage (Fig. 1.) zu einem feinen Brei 
zerschnitten, der dann einige Minuten lang zusammen mit feingemahlenem 
Glas in einem Morser zerrieben wird. Bei Nierengewebe wird hierbei die dop- 
pelte Menge Phosphatsalzlosung, bei Lebergewebe nur die gleiche Menge von 
solcher Losung zugesetzt, da, wie erwahnt, die Enzymaktivitat im Leber- 
gowebe geringer ist. Damach wird die Aufschlammung durch eine doppelte 
Lage Gaze filtriert; das Filtfat stellt dann das Extrakt dar, das nun ohne 
weiter(^ zu den Versuohen verwendet werden kann. In der Regel wurde das 
Extrakt unmittelbar nach seiner Herstellung verwendet, da es durch Stehen- 
lassen an Aktivitat verliert. Wie die Sclinitte, wurde auch das Extrakt sowohl 
vor wie nach der Verteilung in die Respirationsgefasse bis zum Beginn der 
Versuche kuhl aufbewahrt. 

Zur Bereitung von Nierenextrakt werden in der Regel 4 Nieren imd 10 ml 
Phosphatsalzlosimg genommen; hier wird die Gewebemischung trotz der Her- 
kunft der Nieren von zwei verschiedenen Tieren derart homogen, dass nie ein 
aus solohem Vorgehen entstehender Nachteil beobachtet werden konnte. Zur 
Bereitung von Leberextrakt werden eine Leber vmd 10 ml Phosphatsalzlosung 
verwendet. Die Extraktmenge in jedem Respirationsgefass betrug 1 ml. Femer 
werden, je nach der Menge anderer, im Laufe des Versuches zuzusetzender 
Losimgen etwas mehr oder weniger, jedoch ungefahr 2 ml Phosphatsalzlosung 
zugesetzt, bis die gesamte Fliissigkeitsmenge im Gefass 3 ml ausmacht. 
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Auf diese Art wird ein Extrakt erhalten, das einen gewissen Spontanstoff- 
wechsel beibehalt, worin aber die Zellenstruktur so zerstort wurde, und die 
Enzyme so verdiinnt sind, dass nur d-Aminosauren, aber keine l-Amitiosattren 
abgebaut werden. 

Auch bei den Extraktversuchen betrug die Versuchsdaucr gewohnlich 1 
std, die Atisgliichszeit aid) nicht eingerechnet. 

Bestimmung der Ammonlakbildung. 

Nach Abschluss der Respirationaversuche wird das vom Gewebe wahrend der 
Versuchsdauer gebildete Ammoniak bestimmt. Die Bestimmung erfolgt mit 
Hilfe der Diffimonsmethode nach Conway u. Byunh (1933), wenngleich in 
etwas modifizierter Form. Die von diesen Verfassem verwendeten Diffusions- 
kammern sind namlich nicht geraumig genug fur die in Rede stehenden Ver- 
suche, da die Ammoniakbeatimmimg am ganzen Inhalt eines jeden Bespira- 
tionsgefasses vorgenommen werden muss, also an 3 ml Beaktionsgemisch und 
weiteren 2 ml Spulflussigkeit; die Kammem von Conway und Bykne sind 
nur fiir hochstens 3 ml Analysenflussigkeit berechnet. Es wurden deshalb 
aus je zwei Petrischalen von CO resp. 40 mm Diameter und 12 resp. 7 mm 
Tiefe Diffuaionskammem verfertigt. Die kleine Schale wurde mit einer dun* 
nen Parafflneohicht in der grossen festgeschmolzen, worauf die ganze Kam- 
mer inwendig paraffiniert wurde. Solche Kammem sind geeignet fur 5 ml 
AnalysenflOssigkeit im Aussenraum, 6 ml 0,01 n-Salzs&ure im Innenraum, so- 
wie 1 ml gesfittigter Natriumkarbonatlosung im Aussenraum, letzterc dazu 
bestimmt, das Ammoniak freizumachen. Ura das wfihrend der Diffusionszoit 
von der Salzs&ure gebundene Ammoniak zu bestiramen, werden in der Regel 
4 ml Salzsfiure aufgenommen imd nesslerisiert (Probe + 0,2 ml Einascherimgs- 
losung + Wasser ad 7 ml + 3 ml NESsuEBsohes Reagens). Die kolorimetrische 
Bestimmung wird im PuLFiiiCHSchen Photometer mit Filter S 50 imter An- 
wendung einer 1-cm-Kuvette ausgefuhrt. Die dabei erhaltenen Exstinktions- 
werte werden nach einem Diagramm, das nach einer Probe mit bekannten 
Mengen von Ammoniumsulfat hergestellt wurde, in entsprechende Milligrarara 
Ammoniak verwandelt. Bei den Standardisienmgsv'ersuchen zeigte es sich, 
dass eine Diffusionazeit von 4 std bei Zimmertemperatur fur quantitativen 
Austausch genugt. Bei den Versuchen war jedoch die Minimaldauer S std, 
imd in der Regel betrug die Diffusionszeit sogar 12 — 16 std. 


Zuverlasslgkeit der Ammoniakanalysen. 

Die Zuverlaasigkeit der JMeihode ergibt sich aus folgendem Versuch, bei dem 
die Ammoniakmenge an 10 Probequanten bestimmt wurde. Zwei Analysen 
galten nur Proben eines Nierenextraktes mit imbekannter Ammoniakmenge, 
wahrend die flbrigen Analysen ebensolchen Proben galten, die jedoch je 1 ml 
Ammoniumsulfatstandard mit 0,OIO mg Ammoniak enthielten. Die Proben 
wurden nach 12 std analysiert, wobei sich zeigte, dass die beiden ersten jo 
0,015 mg Ammoniak enthielten, wahrend die 8 ubrigen im Mittel 0,0245 mg 
davon enthielten; a = + 0,0014, d. h. + 6 %. Der Versuch weist also eine 
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befriedigende t^bereinstimmung zwischen den Ergebnissen der einzelnen Ana- 
Ij'sen auf. 

Pemer -vnirden Kontrollversuche auch angestellt, um zu untersuchen, ab 
alles Ammoniak, das ■wabrend der Versuche in den Kespirationsgefassen gebil- 
det wird, von der Reakiionslosung bei pH 7,4 auch gebunden wird. Bei diesen 
■Unteisuchungen musste eine Ammoniumsulfatlosung mit einer der normaler- 
■weise in einem Nierenextrakt vorkommenden ungeiahr entsprechenden Am- 
moniakmenge dieses in den Kespirationsgefassen ersetzen. Die Gefasse wurden 
dann im Thermostat zunfichst in gewohnlicher Weise geschuttelfc imd daim 
sukzessive zu je zweien zwecks Ammoniakbestimmung naoh %, 1 und 
13.4 std herausgenommen. Die Ammoniumsulfatstandardlosung enthielt 
0,020 mg Ammoniak. Die 8 Analysen enthielten im Durchsohnitfc 0,010 
mg Ammoniak; a = i 0,0015, d.h. ±8 %. Der Versuch zeigt also, dass in 
dem fraglichen Punkte keine Gefahr fur bedenkliche Versuchsfehler vorliegt. 

Versuche mit Bakterien. 

Im grossen und ganzen irurden diese Versuche auf die gleiche Art ausge- 
fuhrt wie die Versuche mit Nieren- und Leber^Gewebe und nur mit den Modi- 
fikalionen, die durch die Tatsaehe bedingt waren, dass Bakterien untersucht 
■wurden (Webster u. BER>’HEi>r, 1936; Stephenson u. Gate, 1937). 

Set den Respirationsverstichen mit Bakterien -wurde als flussiges Medium 
0,05 mol Phosphatpufjer mit pH 7,2 statt Phosphatsalzlosung verwendet. Als 
Bakteriengewebe "KTirde Bacterium coli verwendet, \md zwar oin reingezuchte- 
ter, pathogener Stamm, der von einem Patienten mit Colicystopyelitis her- 
stammte. Die Bakterien irurden vor ihrer Vervendung 18 std bei 37° C auf 
festem Substrat (Placentabouillon mit 2,5 % Agar-Agar) gehalten und ge- 
zuchtet, -tvonach sie mit sterUer physiologischer Kochsalzlosimg vom Substrat 
abgespQlt "wurden. Danach wurden sie 4 mal zentrifugiert imd mit Koch- 
salzlosung gewnschen imd schliesslich, in solcher Losung aufgeschl&mmt, im 
Kuhlschrahk aufbewahrt, was ohne Nachteil 3 — 4 Tage dauem durfte. Auf 
diese Weise wurden sogenannte resting bacteria erhalten, die sich bei Respira- 
tionsi'ersuchen durch einen geringen Spontonstoffwechsel auszeichnen, aber 
dabei die Pahigkeit bewahrt haben, zugesetzte Substrate mnzusetzen. Von 
der Bakterienaufschlammung, die ca. 5 — 15 mg {Trockengeivickt) Bakterien per 
ml enthielt, mirde bei den Respirationsversuchen in jedem Warburggefass 1 ml 
vem'ondet. Die Versuchsdauer betrug in der Begel 1 std, 14 Attsgleichszeit 
nicht mitgerechnct. Im ubrigen wurden die Respirationsversuche wie auch die 
Ammoniakbestimmungen auf die fruher beschriebene Art ausgefiihrt. 



Methodologische Probleme. 


Ehe die Haiiptversuclio in Angriff gcnomincn wurden, wurden 
eine Reiho vorbcreitender Kontrollversnclie untcr den oben in Aus- 
sicht genommenen Bedingiingcn nngestcllfc, ^vobci diefic in gcwih«ein 
Masse variiert wurden; auf diese Woise sollte Kiarheit iibcr die 
Brauebbarkeit der Standard bedingiingcn und die Zuvcrlassigkcit dcr 
Methoden gcivonnen iverden. 

Versuche mit Nieren- und Lcber-Gcwebe. 

Die Reproduzlcrbarkclt dcr Snuerstoff- und Ammonlak-Analyscn. 

Zur Beurteilung der Vcrsuchsrcsnltate ist cs nnturlich mcbtiir, 
einen Begriff von der Zuvorlassigkeit der bcnntztcn Motboden 7.u 
haben; von einer solchen dnrf die Rede sein, wenn die JSrgebnissc 
von ParaUelanahjsen Uberewstimmcn. Zu dicsem Ziveeke iviirden 
der Sauerstoffverbrauch und die Ammoniakbildung in cincr Anr.abl 
von Versuchsserien untcr versebiedenen Bedingiingcn studiert. So 
ivurden Versuche mit Nieren- vnd Lcbcr-ScJinillen und -Extrakt je 
hei nnd ohne AmccsenJicil von Beiizoesanrc nngcstellt. Auf den Ein- 
fluss der Benzoesiiure soil im Eolgenden naber cingegnngen werden: 
bier sei davon bloss vorausgeschickt, dass diese Saure unti^r ge- 
Avissen Umstanden soirobl den Sauerstoffverbrauch als aucb die Am- 
moniakbildung und zAvar ebensoAvohl im Nieren- Aiie im Leber-GcAAcbe 
und bei Bacterium coli bctrachtlicb bemmt. Die Benzoesruire Ararde 
bier, Avie aucb in den moisten folgenden Versueben in der Konzen- 
tration Amn 0,025 Mol/1 voriAendet. — Die Versuche mit Bcnzoc- 
saure AV'urden deshalb gemacht, u’eil es A’on Intercssc AA'ar, A'on dcr 
Grosse der Versuchsfehler auf dem niedrigeren Stoffu'ccbselniA'cau, 
das bei AnAA-csenheit dieses Stoffes A’orlicgt, cbonfalls cine Auffns- 
sung zu bekommen. 

Aus Tabelle 1 gehen die Variationen zAA'iseben den einzelncn Ann- 
lysen unter versebiedenen Versuebsbedingungen hen-or. Die 'V'er- 
suchszeit betrug std. 
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TABELLE 1. 


Gewebe 

Anrnhl 

.\nalyscn 

SaucrstofXverbrauch in mm’ 
Mlttelwcrt 

.AmmoniakbUdung in mg 
Mittelwert 

Xierenschnitt .... 
Xierenschnitt + 

9 

291; 

O’ — i 

9 d. h. 

±3% 

0,022; a = 

±0,0014 d. h. 


6% 

Benzoesnure .. 

9 

74; 

cy — rt: 

2 » 

±3 % 

0,009; a = 

±0,0013 » 


14% 

Lcbcrschnitt ... 

7 

206; 

a = ±10 » 

±5 % 

0,025; a = 

±0,0018 * 

O- 

7% 

• Leberschnitt -r 










Benzoesaure... 

8 

81; 

a= ± 

7 6 

±9% 

0,018; O’ = 

±0,0009 » 

_l_ 

5 % 

Xiorenextrnkt ... 

Xierenextrnkt 

4 

71; 

O ~ dn 

2 » 

±3 % 

0,014; a = 

±0,0010 0 

i 

7 ro 

Benzoesaure... 


51; 

<T = ± 

3 » 

±6% 

0,014; a = 

±0,0020 I) 

t 

14 % 

Lcbere.xtrakt .... 
i Leberextrakt + 

8 

121; 

<T = ± 

4 » 

±3% 

0,030; a = 

±0,0017 » 

HI 

6% 

Benzoesaure... 

8 

103; 

= ± 

2 » 

±2% 

0,020; a = 

±0,0015 i> 

4- 

8% 


Aus der Tabelle ergibt sich, dass die Bestimmung des Sauerstoff- 
verbraucJies bei den Versuchen mit Nieremchnitten sicherer ist als bei 
denen mit LeherscTinitUn. Bei den ExtraHversuchen sind die ,46- 
tceichungen hlcin, wenn die absoluten Zahlen nicht allzuklein werden. 
Bei den Ammoniahuntersxtchungen ist die Streuxing durchgehends gros- 
ser, besonders gross natiirlich, wenn die absoluten Zahlen klein sind. 
Die enx’ahnten Versuche sind nur Beispiele, die die Grossenordnung 
der in den folgenden Versuchen zu erwartenden Abweichungen 
zeigen sollen. Sind die Abweichungen im Ernstfall erheblich grosser, 
ist der betreffende Versuch zu kassieren, denn dann liegt Verdacht 
auf eine besondere Fehlerquelle vor, wie z. B. Zusammenklumpung 
der Schnitte in den Respirationsgefassen, was insbesOndere bei Le- 
berschnitten etwas recht Gewohnliches ist, oder auf Undichtheit der 
Apparatur oder Spriinge in der Paraffinschicht der Diffusionskam- 
mem und dergleichen mehr. 

Qewcbemenge und Vcrsuchsdauer. 

Oben wurde gesagt, die Benzoesaure hemme unter TJmstanden 
sowohl den Sauerstoffvcrbrauch als auch die AmmoniakbUdung. 
Dies zeigt sich vor allem bei den Versuchen mit Nierenschnitten 
Im vorhergehenden xvurden auch die Griinde dafur angegeben, dass 
bei diesen Versuchen fur jedes Versuchsgefass 60 mg Gewebe ge- 
nommen werden. Nim ist es jedoch auch von Interesse, zu unter- 
suchen, ob die gleiche Gewebemenge auch dann geeignOt ist, wenn 
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es gilt, die Hemmung so deiitlich Avie indglich in Erscheiming trcten 
zu lassen. Deshalb Anirde die hemmende Wirhnig der Benzoesdure 
bei Anwendimg verschicdencr Mengen (120, 60 nnd 30 mg) hhrcn- 
schniU untersucht. Es ergab sich als Mittelwert zwcier Versucbc mit 
Doppelprobe, dass die Hemmung dcs Saueratoffverbraucbs 49, 49 
imd 42 % und die der Ammoniakbildung 34, 49 und 66 % bctrug. 
Es scheint also, dass die Gewebcmatge kcinc grosscrc, liollc spiclt, 
solange sie innerhalb der bosagten Grcnzen variicrt. Aus den Am- 
moniakanalysen scheint allerdings horvorzugelicn, dass bei kleinerer 
Schnittmenge und somit also kleinerer Enzymmengc cine I’endcnz 
zu starkerer Hemmung vorliege; es ist jedocb zu bcachtcn, dass bei 
einer so kleinen Schnittmenge die Ammoniakbildung so gcring — im 
vorliegenden Fall 0,008 mg — wird, dass die Versucbsfeblor einen 
recht betrachtlichen prozentualen Wert crrcichen (Tab. I), was die 
Abweiebung erklaren knnn. 

Im vorhergehenden Avurdo cine Vcrsucbsdauor A'on 1% .std als 
geeignet bezeichnet. Es ist da AA'ichtig, zu untcrs\icben, ob die Ilem- 
mvngstvirkung der Benzoesdure mit dem Fortschreiten der Versvehs- 
dauer variicrt oder ob sie dabci konstant blcibt, um so zu erfahren, 
ob auch von diesem Gesiebtspunkt aus cine Versuchsdaucr A'on 1% 
std geeignet sei. Es Av-urdc also die Hemmung soavoIiI bei Eieren- 
und Leber-Schnitt-Versuchen je mit und ohno Stimulicrung des 
StoffAA’^echsels durch Aminosauren nach A’crscbiedonlanger Vcrsuchs- 
dauer untersucht (Diagramme 1 — 8). Hierbei Asairde zu den mar- 
kierten Zeitpunkten der Sauerstoffverbrauch in den einzelnen Proben 
notiert, und ZAA'ar mit und ohne Benzoesaure, und hiernach der pro- 
zentuale Wert der Hemmung crrechnet. Fcrner Auirdcn ^wei Pro- 
ben, eine mit und eine ohne Benzoesaure, einer Ammoniakanaly.se 
unterAAwfen, vmd es A\nirde hiernach dor prozentualo Wert der Hem- 
mung auch hinsichtlich der Ammoniakbildung errechnet. Die Dia- 
gramme 1 — 4 fiihren vor Augen, dass soAvohl dcr SauerstoffA'cr- 
brauch als auch die Ammoniakbildung, oline Benzoesaxire so gut 
AA’ie bei AnAvesenheit A'on soldier, Aviihrend der Vorsuchsdauer eine 
ziemlich geradlinige Mehrung zeigen, und dass sich also dieHcmmiingr 
ziemlich konstant halt. Dies gilt in gleicher Weise fiir den spontanen 
Avie fiir den durch l(-f-)GIutaminsaure stimulierten StoffAvcchsel hn 
Nierenschnitt. Dio Diagramme 5 — 8 erweisen, dass fiir den Leber- 
schnitt hinsichtlich des StoffAA’echselganges ungefahr die gleiche 7 i Ver- 
haltnisse gelten, Avobei jedoch die Ammoniakbildung im Anfang 
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0 1/2 1 11/2 I Z 1/2 


Diagramm 1. Spontancr Sattcrslojfverbrauch ini Nierenschnitt bei 2'/4stundi- 
ger Versuchsdauer mit und olme Benzoesauro in 0,025-mol Losung. Die 
zum Zeitpunkt der verschiedenen Ablesungen durch die Benzoesaure 
verursachte Hemmung ist in Prozenten angegeben. 


Ohne Benzoesaure 9 9 

mit » O O 



Diagramm 2. Spontane Animoniahbildung im Nierenschnitt. Gleicher Ver- 
such wie bei Diagramm 1. Die zum Zeitpunkt der verschiedenen Able- 
sungen ' durch die Benzoesaure verursachte Hemmimg ist in Prozenten 


angegeben. 


O 


3 


Ohne Benzoesaure 
mit » 


O 
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Diagramm 3. Sauerslojjverhravch im Nierenschnitt bei 2*/i8tund5ger Ver- 
suchsdauer mit i ( + ) Glutaminsaurc von O,0025-mol Konzentration in der 
Versuchslosung, mit vind ohne Benzoesaure in 0,025-mol Losung. Die 
zum Zeitpunkt der verschiedenen Ablesungen durch die Benzoesaure ver- 
ursachte Hemmung ist in Prozenten angegeben. Die Grosse des spontn- 
nen Sauerstoffverbrauchs am Ende der Versuehszeit ist angegeben. 



Diagramm 4. Ammoniakhildung im Nierenschnitt. Gleicher Versuoh wie 
bei Diagramm 3. Die zum Zeitpunkt der verschiedenen Ablesungen durch 
die Benzoesaure verursachte Hemmung ist in Prozenten angegeben. Das 
Mass der spontanen Ammoniakhildung am Ende der Versuehszeit ist an- 
gegeben. Ohne Benzoesaure -j }- 

mit » O O 
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0 1/a 1 1 Ml I X 1/a 


Dinpmmm fl. Sponlanrr Sautrslofivrrbraucli i»i Lebcrschnilt bci S'/^stiindiger 
VorsurliPcinucr mit und oline Bcnzoesniirc in 0,oa5-niol Losung. Dio zuin 
Zeitpunkt tier vcrpoltiwloncn Ablcsungon diirch dip Bcnzoosluiro veriir- 
Melito Hen'mung ist in Prozonten nngpgol)pn. 

Olmp Bpnzoppruirc # • 

niit » O O 



Diftgrntnm 0. SponUinr. Ainmoniakbihlung im Lrhcrachnilt. Gloicher Versuch 
wio boi Dingrnmm 5. Dio zum J^citpunkt der versebiedenen. Ablcsungen 
durcli die Bonzoesfinro vprursnclitc Hominting ist in Prozenten nngegeben. 


Ohno BcnzocsiUiro • ® 

init » O O 
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Diagramm 7. Saucratojjvcrbrauch im Lthcrschnilt hci 2'/«<ilfmdigor Vorstichs- 
dauer mit I ( — ) Asparagtnsdurc von O.oi-niol Konzontration in dor Vvr- 
Buchslosung, mit und ohno Benzoosiluro in 0,02i-mol Ldsung. Die zum 
Zeitpunkt der vcrschicdonon Ablcsungcn dtirch die Bcnzoesfmro vorur- 
sachto Hemmung ist in Prozonton nngegoben. Die Grfipsp dcs gpontnnen 
Snuerstoffvorbrauchs am Endo dor Versuebazeit iat iingogo1)<'n. 

Ohno Bonzocaauro -i f- 

mit » O O 



Diagramm 8. Ammoniaicbildung im Lcberachnilt, Gleichcr Versuch wia bei 
Diagramm 7. Dio zum Zeitpunkt der vorschiedenon Ablesungcn durch 
die Bonzoesfiuro hervorgorufono Homnnuig ist in Prozenloti angogebon. 
Das Mass der spontanen Ammoninkbild\mg am Endo dor Versueliszoit ist 
nngegebon. 


Ohno Bcnzoesiiure 
mit » 


+ 

O 


O 
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etwas rascher vor sich gehfc. Es liegt indessen ein wesentlicher 
Unterscliied zwischen Nieren- und Leber-Schnitt insofem vor, als 
Benzoesaure im Leberschnitt eine schwachere Hemmung auf den 
Sauerstoffverbraucb und keine sichere Hemmung auf die Ammo- 
niakbildung ausiibt. 

Im Nieren- und Leher-ExiraU (Diagramme 15—18) scbeint sich die 
Hemmungsvirkung anders zu aussern als in den Scbnittversuchen, 
weshalb die Besprechung dieser Diagramme spater in anderem Zu- 
sammenhang erfolgen soil. 

Zusammenfassend kann man also, gestiitzt auf das Ergebnis der 
Versuche liber die bemmende Wirkung der Benzoesaure bei Ter- 
schiedenlanger Yersuchsdauer, sagen, dass auch in dieser Hinsicbt 
der Eestsetzung der Versuchszeifc auf 1%, std nicbts im Wege steht. 

Die Starke des Stoffwechsels. 

Weiterhin isfc es infceressant, zu untersuchen, ob die Sidrlce des 
Stoffwechsels, vie er unter den hier angegebenen Versuchsbedingnngen 
stattfindet, derjenigen entspricht, die im allgemeinen in der Litera- 
tur angegeben vird. Es isfc ublich, die Grosse des Sauersfcoffver- 
brauchs und das Mass der Ammoniakbildung in Kubikmillimetern 
des per Milligramm Trockengevicht des Gewebes wahrend einer 
Stunde aufgenommenen Sauerstoffs oder wahrend dieser Zeifc ge- 
bildeten Ammoniaks anzugeben. Diese Quoten bezeichnet man mit 
Qog und Qnhs- Eine Berechnung dieser Quoten fiir den Spontan- 
sfcoffwechsel im Nierenschnifcfc ergibfc bei einem der Versuche die 
Werte Qog ~ 16,8 und Qnhs = 1,93 bei einem Sauerstoffverbrauch 
von 275 mm^ und einer Ammoniakbildung von 0,024 mg bei einer 
Versuchsdauer von 1% std und 60 mg (Nassgewichfc) Nierenschnitt, 
was ca. 10,9 mg Trockengevicht entspricht. In drei Versuchen von 
KIhebs (1935 a) sind die entsprechenden Werte 19,2; 21,0; 24,1 resp. 
1,40; 3,28; 2,39. Bei entsprechender Berechnung der durch 0,01- 
mol l(4-)GIutaminsaurelosung stimulierten Ammoniakbildung im 
Nierenschnitt, erhielt ich in einem Yersuch fiir Qkhs den Wert 3,0. 
t)ber einige gut damifc vergleichbare Versuche berichten Kogl, Hek- 
KEN u. Erxleben (1940), die die Q^Ha-Werte fiir 9 Versuche als 
zvisohen 2,4 und 7,3 variierend angeben. Hier isfc jedoch zu be- 
achten, dass die Verfasser die Aminosame in einer Konzentration 
von 0,025 Mol/1 verwendeten. Es scheint somit, als sei der Sfcoff- 
wechsel bei den in vorliegender Arbeit abgehandelten Versuchen von 
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gleicher Grossenordnung wic in den Vensuchen Anderer, wenn or 
auch ira allgemeinen etwas niedriger xu liogen scheint. 

Aus den oben referierten Versuchen von Koge u. Mitarb. ergibt 
.sich, dass der Stofftvechsel bei verschiedenen Individiien dcr gleichen 
Tierart recht stark variieren kann, und dies wurdc auch bier schon 
erwahnt (Seite 26). Manchmal kommt atich, besonders bei den 
jiingsten der verwendeten Tiere, eine recht betrdchiliche Abtcekhung 
der Hemmungswirknng der Benzoesdvie und anderer verwcndeter 
Stoffe auf den Stoffwechsel vor, auch venn die Starke des 
Stoffwechsels ziemlich konstant ist, Tabeile 6 und 7 zeigen die 
Grosse der Abweichungen bei venschiedenen Versuclien .sowolil was 
den Stoffwechsel als was die Hemmung angcht. 

Fiir die folgenden Versuche ist es ferncr von Interes.se, einen Be- 
griff davon zu bekommen, eine wie grosse Qmnlitat dor bei ge- 
wissen Versuchen zweeks Stimulation der Ammoniakbildung zuge- 
setzten Aminosduren wdhrend der Dauer der Yersuche ahgebaul 
u'ird. Die Erfahrung zeigt, dass bei hoher Konzentration bloss ein 
geringer Teil am Stoffwechsel teilnimmt. In einem Niercnschnitt- 
versuch (Tab. 8 u. Diagr. 14) mit 0,01-mol l{+)GIIutaminsaure 
als Stimulans stieg demgemass zwar die Ammoniakbildung um 
125 % liber die spontane, wohingegen nur ca. 5 % der zugesetzten 
Aminosaure wahrend der Versuchsdauer desaminiert wurden. In 
einem andern Versuch, mit l{+)Glutaminsaure in einer Konzentra- 
tion von 0,00625 Mol/1 als Stimulans, erhohte sich die Amnioniak- 
bildung um 40 %, und in diesem Ealle ivurden ca. 25 % der zuge- 
setzten Aminosaure desaminiert. 


Versuche mit Bakterien. 

Die Reproduzierbarkeit der Sauerstoff- und Ammoniak-Analysen. 

Es wurde der Grad der VbereinsHmmung zudscheii den Eesultaten 
paralleler Analysen untersucht. In einer Serie von 9 Einzelanaly- 
sen, die unter Standardbedingungen mit 0,00125-mol dl-AIaninl6sung 
als Substrat ausgefiihrt wurden, wurden 120 mm^ Og verbraucht; o = 
i 6, d. h. ^ 5 %. Dabei wurden 0,031 mg Ammoniak gebildet; a = 
i 0)001, d. h. ^ 3 %. Ein entsprechender Versuch, jedoeh mit 0,i- 
mol Benzoesaurelbsung, ergab die Werte 75 mm^; o = ± 4, d. h. 
± 5 %, resp. 0,014 mg; a = ± 0,0014, d. h. ± 10 %. Diese Ver- 
suehe sind, wie es auch bei den Versuchen mit Nieren- und Leber- 
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Schnitten der Fall var, nur Beispiele, die die Grossenordnung der 
bei den Bakterienversuclien vorliegenden Abweichungen zeigen. 

Bakterlenmenge und Versuchsdauer. 

Um den Ehifhtss der Bakterxenmengc auf die Hemmmigmirhmg 
der Beuzoesdure zu studieren, imrden ebenfalls besondere Versucbe 
angestellt. In einem Versucb mit 4,9 mg (Trockenge'nicbt) Bakt. 
per ml und 0,0012u-mol dl-Alaninlosung als Siibstrat hemmte 0,025- 
mol Benzoesaurelosung den Saucrstoffverbraucb um 29 % und die 
Ammoniakbildung um 32 %. In einem andern Versucb mit 14,1 
mg (Trockengewicbt) varen die entsprecbenden Werte 32 % resp. 
35 %. Entsprecbende Versucbe. mit Mandelsaure und Salieylsaure 
ergaben eine ungefabr gleicbe Dbereinstimmung. Es lasst sicb also 
kein Unterschied in der Hemnmngsxvirkung nacb^Yeisen, ivenn die Bak- 
terienmenge innerbalb dor bier eingebaltenen Grenzen variiert. 

Im Gegensatz zu den fur Gewebescbnitt-Versucbe geltenden I^er- 
baltnissen bedeutete cs bei den Bakterienversucben keinerlei Scbivie* 
rigkeit, ausreicbend viel Gewebe von gleicbem Stoffvecbsel fiir eine 
grossere Anzabl von Einzelversuchen zu erhalten. Hier imrde daber 
sowobl die ungebemmte als aucb die gebemmte Ammoniakbildung 
am Ende der Ausgleichszcit sowie ^ und 1 std danach registriert. 
Der Sauerstoffverbraucb vurde zu den zwei letztgenannten Zeit- 
punkten registriert. Die Starke der Hemmungsuirkung der Benzoe- 
saure und der iibrigen bierauf untersucbten Stoffe uurde nacb dem 
Stoffwecbselwert berecbnet, der fiir das Ende der Versucbszeit gait. 
Das StarkeverJidltnis des Stoffwechsels war namlicb tvdhrend der ganzen 
Versuchszeii ungejdhr das gleiche, aber die grdsseren absoluten Zablen 
am Ende der Versucbszeit gewiibrleisten eine grossere Sicberbeit der 
Berecbnungen (Diagr. 21 u. 22). 

Die Starke des Stoffwechsels. 

Bei der Berecbnung der Aminosaurequantitaten, die wabrend 
der Versucbszeit abgebaut werden, zeigen sicb recbt grosse Ab- 
weicbungen. Im allgemeinen werden etwa 25 — 50 % der zugesetzten 
Aminosaure desaminiert. 



Eigene Untersuchungen. 


Die Ergebnisso der vorliegenden Untcrsiichnngcn Htaminon in der 
Kegel aus je zivei Versxichcn, bei dercn jcdeni cine Dopj^hnnhji^c 
gemacht ■\vurde. Nur in gewiKKcn ballon, iiiiTnlicli vcnn mebrcre 
Untersuchungen mit ahnlichen Konzcntrationcn des gleichon Stoffc-* 
angestellt wirden, ^nirdc fiir jcde Konzentration nur c i n Vcrsuch 
mit Doppelanalyse gemacht. 

Der Einfluss der Benzoesaure und der Alandelsaure auf 
den spontanen Sauerstoffverbrauch und die spontanc 

Ammoniakbildung im Nieren- und Leber* Oewebe. 

Die Untersuchungen iibcr die Eiinvirkung dcr Benzoesaure und 
der Mandelsfiurc auf den spontanen Sauerstoffverbrauch und die 
spontane Ammoniakbildung im Nieren- und Leber-Gewebo \nirden 
in erstcr Linie mit Hilfe von GctrcbcschjiiK-Vcr.'fiicJien gemacht. Hier 
weichen die Versuchsbcdingungen weniger von den nalurliehen 
Verhaltnissen ab als in Extraktversuchen, bei dencn der Stoff>vceh- 
sel erheblich reduziert ist. Dies geht untcr nnderm nus den bcrcits 
referierten Untersuchungen von Krebs (1035 a) hervor, die zeigten, 
dass in Extraktversuchen keinc 1-Aminosiiurcn abgebaut 'sverden. 

Der Einfluss der Stoffc in 0,025*mol Losung nuf den Stoffwcclisel Im 
Nieren- und Lcber-Schnitt. 

Die Versuche wurden mittels der auf Seito 24 ff. angegebenen 
Methode ausgefiihrt. Im Nicrenschnitt vairden Benzoesaure und 
Mandelsaure in verschiedenen Konzentrationen untersucht (Scite 43), 
da es sich gezeigt hatte, dass beide Stoffc den Sauerstoffverbrauch und 
die Ammoniakbildung stark hemmen (Diagrammc 9 und 10). Im 
Leberschnitt konnte dagegen keine sichere Einvirkung auf die Am- 
moniakbildung wahrgenommen werden, und die auf den Sauerstnff- 
verbrauch ausgeiibte Hemmung war schwiicher als im Nierenschnitt. 

Zweeks etwas naherer Beleuchtung dicser Verhiiltnisso soli ein 
Vergleich zwischen der Wirkung der beiden Stoffc bei einer Ivonzen- 
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tration von 0,025 IIol/l im Reaktionsgemi^ch angestellt werden. 
Diese Konzentration wurde deshalb gewahlt, weil bei ihr die Stoffe 
eine Hemmung von ca. 50 % auf die Ammoniakbildung im Nieren- 
schnitt ausuben (Diagramm 10) und also eine unzweifelhafte, jedoch 
nicht ihre maximale Hemmungswirkung zeigen. Bei dieser Kon- 
zentration kann man annehmen, dass unerwiinschte Begleitumstande 
eine kleinere Rolle spielen als bei andern Konzentrationen. Bei 
hoherer Konzentration beginnt niimlieh eine unspezifische Sah- 
wirkting sich deutlich geltend zu machen. 

So hebt Feanke (1940/41) lier\'or, doss keino hohero Konzentration als 0,i 
3 I 0 I/I fur die Stoffe gowfililt wcrdcn durfe, deren Wirkung auf d-Aminosauro- 
oxydase untcrsucht wcrden soli, da Nntriumchloridlosung v'on dieser Konzen- 
tration die AVirkung dieses Enzyms tiin cn. 25 % hommo. 

Eine geringere Konzentration als 0,025 Mol/1 vnirde ebenfalls als 
nicht recht geeignet betrachtet, weil dann die Hemmung nicht mehr 
in genugender Deutlichkeit auftritt. 

Aus TabeUe 2 ergibt sich. die Hcmviung, die Benzoesanre 7ind Man- 
dehdure unter oben envahnten Versuchsbedingungen liervorrufen. 
Die Werte hier steUen die jMittelwertc samtlicher Versuche dar 
(TabeUe 2 ist ein Auszug aus den Tabellen 6 und 7, in denen sich 
die Werte fur jeden einzelnen Versuch finden lassen). Die M^irkung 
von Natriumclilorid ist ebenfalls angegeben, um die Starke der 
unspezifischen Salzwirkung darzulegen. 

TABELLE 2. 

Die von einer 0,025 -mol Losung von NatriumchJorid, Benzoesdure und 
Mandehdure auf den spontanen Sauerstojfverhrauch und die spontane 
Ammoniakbildung im Nieren-tind Leber-Schniit amgeubte Hemm%ing. 


Stoff 

Xlcrcnsdinltt 
ncmaiunB In % 

Lcbcrschnitt 
Hemmung in % 

Sauerstoff- 

verbrauch 

Ammonlnk- 

blldung 

Sauerstoff- 

verbrauch 

Animoniak- 

bildung 

Natriumchlorid 

10 

9 

4 

5 

Benzoesaure 

60 

52 

48 

C 

Mandolsauro 

39 

50 

28 

4 


, Aus TabeUe 2 scheint hervorzugehen, dass Natriumchlorid auf den 
Sauerstoffverbrauch und die Ammoniakbildung sowohl im Nieren- 
als auch im Leber-Schnitt eine leichte Hemmung ausiibt. Diese 
Hemmtmg konnte ihrer Starke nach gut mit der von Fbanke angege- 
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benen Salzwirkung libereinstinimen. Andcrseits abcr Kind die \\’crte 
so niedrig, dass sie auf Versuchsfeblcr bezogen werdon kbnncn. 
Aus derselben Tabelle crgibt sich vor allem, dass sowohl Bcuzoe- 
saure als auch Mandehdvre eine deiitlichc Hcimnnng aitf sowobl 
den Saverstoffverbraiich als auch die Ammoninklnldu-ng im Nir.ren- 
schnitt ausdben. Die von der Mandelsiiure auf den Kauerstofrver- 
brauch ausgeiibte Wirkung ist jcdoch ctwas gcringer als die durch 
die Benzoesiiure verursachte Hemniiing, vas iin Folgenden ntiher 
besprochen werden soil. Im LebcrachnUl iiben die beiden Rtoffe 
ebenfalls eine klare Hemmung rntf den Saucrstoffvcrbrnuch aus, und 
auch hier ist die Wirkung der Mandelsiiure scluvacher. Auf die 
Ammoniahbildnng ivdrken indessen die beiden Stoffc so wenig ein, 
dass sich ihre Wirkung von der durch Natriumchlorid hervorgerufe- 
nen nicht unterscheidet. Die Stoffe libcn somit nicht .sichcr eine 
Hemmung auf die Ammoniakbildung im Leberschnitt aus. 

Indessen ist es denkbar, dass dicse.H Fchlcn einer Hemmung der 
Ammoniakbildung im Leberschnitt bloss scheinhar vorliegt. In der 
Leber wird namlich ein Teil des Ammoniaks als Harnstojj gebunden. 
Diese Harnstoffbildung geht, so nimmt man an, hauptsachlich auf 
dem Weg fiber den von Krebs u. Henselkit (1932) beschriebenen 
Ornithin-Arginin-Cyclus vor sich. De.shalb konnte man denken, 
dass sich die Quantitiit Ammoniak, die al.s Harnstoff gebunden Bird, 
durch die Einwrkung der Benzoesiixire und dor Mandelsiiure 
vermindere, wahrend die nicht als Hamstoff gebundene Ammoniak- 
menge von diesen Stoffen nicht beeinflusst werde. 

Um hier klar zu sehen, ivurde bei einigen Leberschnitt-Versuchon, 
bei denen der Einfluss der Benzoesiiure unlersucht A\mrdc, auch 
das Ammoniak bestimmt, das durch die Ein wirkung von Urease^) 
aus dem beim Versuch gebildeten Harnstoff freiwurde. Das Ergeb- 
nis ist in Tabelle 3 dargestellt. 

Aus dieser Tabelle ist ersichtlich, dass kein Unt-crschied bestehen 
diirfte zwischen der von der Benzoesiiure auf diese die totale Ammo- 
niakbildung und der auf die friiher untcrsuchte, die Harnstoffbildung 
nicht mitumfassende Ammoniakbildung ausgeiibten Hemmung. 

Geleitet von den Werten in Tabelle 2, kann man schon almen, 
welche ammoniahbildenden ProTXsse. im Nierenschniit es sind, die von 
Benzoesaure und Mandelsiiure gehemmt werden. 


Urease sice., Grublor & Ck). 
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TABELLE 3. 


Der Einflusn einer 0,025-mol Lasting von Benzocscivre anf diin Sauer- 
stoffverbrauch nnd die Ammoniakhildnng ivi Leberschiitt. Hierem ist 
das Amntoniak cmbezogen, das diirch HarnstoffbildvJig gebundenwird. 


j .Sni(Ts((»ffvi'rl)niiifli 

j ill mill’ 

Rc'lllllltlllR 

Aiiiiiioiii.-ikhiitliiiif; 
in iiir; 

UimimunR ( — ) 
ri-sp. Stiimilif- 

olmi' 

liL'IIHK-Sliliri’ 

iiiit 

ISiMir.iH'sruiri' 

ill % 

OllIlP 

llriir.ocsritiro 

nilt 

ltciir.uL'siiiiro 

niiiR ( + ) 
in % 


150 

30 

0,0 41) 

0.0:! 4 

— If) 

'loi 

130 

3(5 

0,048 

0.04!) 

-j-2 


Bass sowohl Saucrstoffverbrauch als aiich Ammoniakbildung 
gehemmt wcrden, spricht dafiir, dass die Ox\'dation von solchen 
Stoffen gehemmt Avird, dutch deren Abbau Ammoniak freiwird, 
d. h. der Abbau von Aminosdtiren. Eine andere denkbare Erklarung 
ware auch, dass die Stoffe ganz verschiedene Typen von Prozessen 
heraraten: teils Oxydationsprozesse, die keine Ammoniakbildung 
veranlassen, teils Prozessc, bei dcnen Ammoniak anaerob, zum 
Beispiel dutch hydrolytische Desamidierung von Asparagin und 
Glutamin, freiwrd. Dieso Frage wird in den folgenden Untersu- 
chungen ausfuhrlicher behandelt. 

Der Einfluss der Stoffe In verschledenen Konzentratlonen auf den 
Stoffwcchsel Im Nleren- und Leber-Schnltt. 

Es ist von Interesse, die Einwitkung der Stoffe auch bei schwa- 
cherer Konzentration zu studicren, um zu versuchen festzustellen, 
bei welcher Verdiinnung noch eine Heniviung nachweisbar ist. Von 
Bedeutung ist in erstcr Linie die Hcmmung der Ammoniakbildung. 
Es zeigt sieh, dass Benzoesaure und Mandelsaure nur im Nieren- 
schnitt eine sichere Hemmung auf die Ammoniakbildung ausiiben, 
walvrend im Leberschnitt die Ammoniakbildung offenbar nicht 
beeinflusst wird. Die folgenden Untersuchungen befassen sich 
daher hauptsachlich mit dem Sauerstoffverbrauch und der Ammo- 
niakbildung im Nierenschnitt. 

Nierenschnitt. 

Die Versuche ^vurden auf gleiche Weise wie die friiher beschrie- 
benen ausgefiihrt. 
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Dingramm 9. Hemmung eponfantn Snu'r.ttof/i'^rbrattchr dun'h n<*n?o<>- 
sAuro und MandelaAtirc in vpn'diipdcnrn Konrf'f>lratioti'’n )H‘i "Wmjrhf'n 
mit Kiereuiichnitlcn. .Todcr Wert griindet aich nnf rinen JK^ond''rcn Ver* 
Buch, dor in der Rogcl init Doppelprobe mi»pefrd)rt wurde. Die Ktmen 
Bind nnch AxigcnmaRB gorogen. 

Bcnr.oc’Aurc x >'. 

MnndelsAnre • • 



Dingramm 10. Hemmung der epontanen Atnmom’albUdting durcli Bcnsoc.<ii!rt' 
und JlandelsAuro in vor8chic<ioncn Konr.entrationcn boi Vera-iichen mit 
Ntererischnilt. Dio Wcrto .aind don gloioiien Versuchen cntnommon 'vie 
dio von Dingramm 9. Dio Kurven Bind nneh .AiigenmaB-j gcrogen. 

iJonr.ooBAuro X X 

Mandelsruire • • 
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Aus Diagramm 9 tind 10 geht die Starke der Hemmung des Sauer- 
stoffverbrauchs und der Ammoniakbildung im Nierenschnitt hervor, 
wie sie hd versoMedener Konzeniration durch die beiden Stoffe her- 
vorgerufen wird, Ber Grad der Hemmiing wurde in Prozenten ange- 
gefaen. Es zeigt sich, dass die durch Benzoesaure verursachte Hem- 
mimgswirkung auf den Sauerstoffverbranch bis hinunter zu einer 
Konzentration von ca. 0,0975xl0~® Mol/1 noeh zu merken ist. Die 
Wirkung der Slandelsaure scheint etwas sch^vacher zu sein. Bei 
einer Konzentration von 0,39 xl0~^ Mol/1, also bei einer Konzentra- 
tion, die 4inal starker ist als der fiir die Benzoesaure angegebene 
Grenzvert, kann keine sichere Hemmungswirkung mehr nachge- 
viesen 'werden. 

Ein bemerkenswerter Unterschied besteht JiiTisichtUch des Verlaufs 
der Kurven, die bei der Darstellung der Werte der Hemmungs- 
virkung entstelien, die die betreffenden Stoffe bei verschiedenen Kon- 
zentrationen auf den Sauerstoffverbrauch ausiiben. Wahrend die 
Kurre, die die Hemmungswirkung der Benzoesaure veranschaulicht, 
nur schwach bogenformig ist und somit zeigt, dass die Wirkung 
proportional zum Sinken der Konzentration stUndig abnimmt, zeigt 
die Kurve fur die entsprechende Wirkxmg der Mandelsaure eine 
ausgepragte S-Fonn, die erweist, dass die Kurve eine Fimktion 
verschiedener Prozesse ist. Die Hemmungswirkung der Mandel- 
saure nimmt also ebenfalls sukzessive ab und zwar erreicht sie bei 
einer Konzentration von 6,26 X lO""® Mol/1 ungefahr den Wert Null; 
in den nachstschwacheren Konzentrationen tritt sie jedoch wieder 
in Erscheinung und fallt erst bei einer Konzentration von 0,39 x 10"“^ 
Mol/1 definitiv hinab auf Null. 

Es besteht Anlass zu der Vermutung, der Prozess, der hier eingreift 
und die Kurve liber die Hemmungswirkiuig der Mandelsaure defor- 
miert, sei die ghichzeitige Verbrennung der Mandelsaure. Durch 
eine friihere TJntersuchung wies ich (Herneb 1942) als wahrschein- 
lich nach, dass Mandelsaure sowohl im Nieren- als auch im Leber- 
Gewebe verbrannt wird. Da ist der Gedanke berechtigt, der durch 
die Verbrennung der Mandelsaure gemehrte Sauerstoffverbrauch 
werde die durch die Mandelsaure verursachte Hemmung des durch 
andere Oxydationsprozesse bedingten Sauerstoffverbrauchs teil- 
weise verbergen. Dies konnte also erklaren, wieso die Hemmungs- 
wrkung der Mandelsaure sowohl im Nieren- als auch im Leber- 
Gewebe geringer erscheinen koimte als sie ist. 
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Die Annalime konnte gestiitzt -vverden durcli die TntHnchc, dasH 
der liemmende Einfhtss der BenzoesUure vnd der Mandclsiiurc auj 
die ATninoniakhildung ini Niercnschnitt bei vcrsclvicdcncr Konzcn- 
tration dieser Stoffe nntereinander zicmlich dlnilich sind (Diagramm 
10). Anch die Verauclie mit Nierenextrakt atiitzen diesc Annahme, 
weshalb die Disknssion dieser Dinge iin Znsaminenhnng mit der 
Besprechung der letztgcnanntcn Vcr.sncbc winder uufgcnommen 
werden soil. 

L e b c r s c h n i 1 1. 

Die Versuche warden anf gleichc Art wie die oben be.^jchriebenen 
ausgefiihrt, mir wurden hier ausser den friihcr geschilderten ^'cr- 
suchen mit Benzocsiiure nnd Mandel.siiurc in 0,02;)-mol Bosnng auch 
Versuche mit diesen Stoffcn in 0,1-moI Losting angestcllt. Die 
Hemmiingswirkung der Stoffe gcht nus Tabelle 4 hcrvor. 

TABELLE 4. 


Der heminende Einjluss von Benzoesaure nnd jMnndehdurc in 0,1-nwl 
Losung anf den spontanen Sauerstoffverhrauch nnd die spontane 
AnmoninhhiMnng im Leberschniii. 


StoUc 

Snuerstoftverhraucli 

AtmnoiilakWliltini; 

ncmmtinK In % 

Mlttcbvcrt 

Hcnimunc In %j 

Mlltcbu'rt 

Bonzoosiiuro 


78 

1 


24 


1 


2.7 ! 

Mnndelsriiirft 


GS 

} 02 

3G il 

32 


1 

35 

2S 1 


Es zeigt sich, dass die Stoffe auch in dieser Konzentration kcine 
hesonders krdftige Wirhing anf die Ammoniahhildnng ansuben. 

Es ist also nicht nioglich gowesen, eino bo Rtarko Herniniing wie die in fru- 
heren Vorsiiclien {HEKN'En 1042) mit MnndclKUuro in O.l-inol Liisnng crlmltene 
zu reproduzieron. Damnls wnr eino Hemmung von S3 % orhtilton worden. 
Der grosso Untersohiod konnte dnrnuf borulion, dass in don frfdieren VorBuclion 
nicht benchtct 'wordcn war, dass es wichtig ist, orwarliscno Tiero nngoffdir 
gleichon Alters zu vcrwenden. 

Der Elnfluss der Stoffe In vcrscliicdcncn Konzentratlonen auf den 
Stoffwechsel Im Nicrcn- und Lcber-Extrakt. 

Nierenextrakt. 

Die Versuche ttuirden nach der auf Seite 24 ff. angegeboncn Metho- 
de ausgefiihrt. 
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Dinprfttiun 11. GrB.'wo cIm n^xmlftriru SnuerMnljvi-rlirnurhn bci Vorsuchon mit 
Xifrenr-rtroU (>lint5 uiul 1 k>i Anwejwihoit von llonzoosiVnro und MnndeU 
fionro in vorsi-htodction Kimzontrntiom'n. Dio "Worto pun?, reohtfl goben 
die StArko Stoff\v«Tlu<f’lH ohne din bolr. Stoffo nn. 

nt'iim'^Auro X X 

M fin do I H Ann* • O 

Aus Diugrnnnn 11 ffeht die Grdfwo de.‘? Snuerstoffverbrniichs in 
NiercnexfrnktversiiclK'n ohne tind bei Anu'c.sonlicifc von Benzoesiinre 
nnd Mandcl«iinrc in verffeliiedenen Konzentrationen von 0,1 Mol/I — 
0,.'39xl0~*^ Mol/1 hervor. Hiornns ergibt Hich, dnss Be?!zoesa«rc 
einc nn't deni .Steigon dcr Konzonlration von ra, G.s.ax ]0~^ Mol/I 
aiif 0,1 Moi/1 wnchHonde Htmmung ansiibf., vahrend Mnndclsaure 
in keiner die.'-cr Konzenlrationen cine Hcininung auRzuuben scheint. 
iS'tntt dcKsen stimiiUcri Mnnddmurr- von oincr Konzentration von ca. 
IjSfixlO""^ Mol/1 an bis liinnuf zu 0,1 Mol/1 dm Saucr.ftoffverbranch 
weit iiber den Wert dcH .spontanen Verbranchs hinaiiH. Es ist von 
Interesse, dasH der Saiicr.Htoffverbraiicb boi einer Konzentrntion von 
nngefubr f},25xl0~^ Mol/l .stark stimnlicrt ivird. Bei diesor und 
ihr naheliegonden Konzentrationen iibt namlich die Mandelsiiure 
nach Diagrarnm 9 eine Kchwiichcre Hemmung auf den Sauerstoff- 
vcrbrauch aus uls in .sowohl .starkcren als auch schwacheren Kon- 
zentrationen Dieser Uinstand spricht also dafiir, dass das Absinken 
der die Hcmmung.swirkung der Mandel.saurc auf den Sauerstoffver- 
brauch im Nicrensebnitt danstollendcn Kurve gerade bei einer Kon- 
zentration von 0,25x10”® Mol/l darauf beruhe, dass die Oxydation 
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Diagi-amm 12. Mass des spontancn Saucrstollvcrbrauchu und der epminnen 
A 7 n 7 )wmakbildung bci Vorsuchon unit Nicrencxlrakt olino und bei Anwcson* 
heit von Bonzoesauro in vorschiodonon Konzontrntioncn. Dio ^Vc^to ganz 
rechts geben dio Starke des Stoffwocbsels ohno Bonzoesauro op 

Sauorstoffvorbrauch X X 

Ammoninkbildung X X 

der Mandelsaure ihre heinmende Wirkung auf die iibrigen Oxydn- 
tionsprozesse maskiert. Boi Extraktvorsuchen tritt also die bci 
Schnittversuchen nur angedeutete Verbrennung dor JlandoLsaure 
deutlicher in Erscheinung. Die Ursache hierfur konnte pcin, dass 
das Geivebe bei Schnittversuchen mehr Nahrstoffe zur Verfiigung 
hat, und dass sich deshalb dio Anvesenheit dor IMandelsauro in den 
Schnittversuchen weniger stark geltend niacht als in Extraktver- 
sucheii. 

Aus den Diagrammen 12 und 13 geht hervor, dass in Vcrsuchen 
mit Nierenextrakt die sponianc Ammonxalchildung durch Benzoesaure 
Oder Mandelsaure in einer der Konzentrationen zvischen 0,78 x 10“® 
Mol/1 und 0,1 Mol/1 nicht gehemmf zu -vverden scheint (siehe auch 
Diagramm 15). Dies ist ein bemerkensiverter Gegensatz zu den 
Verhaltnissen im Nierenschnitt. Zur Erklarung kann man sich 
denlren, die Ammoniakbildung im Nierenschnitt und die im Nieren- 
extrakt seien zum Teil verschiedenen Ursprungs. Wenn man dabei 
bedenkt, dass — was schon friiher (Seite 18) gesagt ivurde — im 
Extrakt keine l-Aminosiiuren abgebaut werden, erscheint dieser 
Gedanke haltbar, und, soviel wir nnssen, werden ja unter normalen 
Verhaltnissen in Niere und Leber auch keine d-Aminosaiiren abge- 
baut. Es ist also wahrscheinlich, dass dio Stoffe, die in den Extrakt- 
versuchen die spontane Ammoniakbildung veranlassen, im Gegen- 
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Diagramm 13. Mass des sponfancn SaJtcrstojjverhrauchs und der spontancn 
Amrnoniakbildung bei Versuchen mit Kierenextrakt ohne und bei Anwe- 
senheit von Mandelsaure in vcrscliiedenen Konzentrationen. Die Werte 
ganz rechts geben die Starke des Stoffwechsels ohne Mandelsaure an. 

Saueratoffverbrauch ® ® 

Ammoniakbildung # ® 

satz zn dem, was fiir Schnittversuche gilt, keine Aminosauren sind. 
Der Unt«rschied,^ der sich unter den ungleichen Versuchsbedin- 
gungen zuischen der Wirkung der Benzoesaure und der der Mandel- 
saure zeigt, wiirde dann darauf beruhen, dass verschiedene Enzym- 
systeme fiir Vergiftung durch diese Stoffe verschieden empfindlich 
waren. Dies wurde dann dafiir sprechen, dass die Desaminierung der 
von Natur aus im Nierengewebe vorkommenden Aminosauren durch 
Benzoesaure und Mandelsaure gehemmt wird. Die Frage soli spater 
naher behandelt werden. 

Leberextrakt. 

Die Versuche wurden nach der auf Seite 24 ff. angegebenen 
Methode ausgefiihrt. 

Da die geschilderten Versuche mit sowohl Leberschmtten als auch 
Nierenextrakt zeigen, dass in diesen Fallen weder Benzoesaure noch 
Mandelsaure die Ammoniakbildung hemmen, besteht Grund zu der 
Annahme, dass diese auch bei Versuchen mit Leberextrakt nicht 
gehemmt werde, Deshalb wurden die Versuche mit Leberextrakt 
auf die Untersuchung der Wirkung von Benwesdure in einer Kon- 


4 
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zentration von 0,025 Mol/1 eingeschriinkt. Die Drgebnisse, die aus 
Tabelle 5 ersichtlich Bind, zeigcn, dass tier Sauerstoffverbrmich etwas 
gehemmt wird, wahrend ktinc sichere Hcmtninig der Ammoniakbildung 
auftritt (siehe auch Diagramm 17). 

TABELLE 5. 


Die von einer 0,025-mol Lbsung von Benzoesaure auf den spontanen 
Sauerstoffverbrauch und die sponlane Ammoniakhildung im Leber- 
extrakt ausgeiibte Hemmung. 


Stoff 

Sauerfltoffvcrbrnuch 

AmmonlnkMltlung ! 

Hemmung In % 

Mittelwert 

Hemmung In % 

Mittflwcrt 

Rf«\7.rvftftaMre 

j 16 

1 " 

5 

1 ^ 1 


1 10 



Zusammenfassung der Ergebnissc. 

Aus den Untersuchungen diirften folgende HauptscJ)Iusse gezogcn 
werden konnen; i. Dass Benzoesaure und Mandelsaure don Sauer- 
stoffverbrauch in Versuchen init Nieren- und Leber-Schnitt hen)- 
men. Die durch die Benzoesaure ausgeiibte Hemmung scheint 
dabei etwas starker zu sein, aber der Unterschied diirfte nicht auf 
tatsachlich verschieden starker Hemmungswirkung beruhen, son- 
dern darauf, dass Mandelsaure gleichzeitig verbrannt wird. 2. Dass 
Benzoesaure und Mandelsaure die Ammoniakbildung im Nieren- 
schnitt gleich stark hemmen, dass aber im Leberschnitt die Ammo- 
niakbildung offenbar nicht gehemmt wird. 3. Dass der Sauenstoff- 
verbrauch im Nierenextrakt durch Benzoesaure gehemmt, durch 
Mandelsaure aber stirauliert wird, ivas wahrscheinlich darauf beruht, 
dass letztere verbraimt wird. 4. Dass die Ammoniakbildung im 
Nierenextrakt weder von Benzoesaure noch von ilandelsaure ge- 
hemmt wird. 5. Dass der Sauerstoffverbrauch im Leberextrakt von 
Benzoesaure anscheinend etwas gehemmt wird, wahrend die Ammo- 
niakbildung nicht beeinflusst wird. 

Hieraus ergibt sich also, dass kein Anhaltspunkt fiir die friiliere 
Vermutung (Seite 7) zu finden ist, die Mandelsaure iibe im Zusam- 
menhang mit ihrem Bau als a-Oxysaure eine spezielle hemmende 
Wirkung auf die Aminosauredesaminierung aus. 
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Der Einfluss von mit Benzoesaure und Mandelsaure 
verwandten Stoffen auf den spontanen Sauerstoffver= 
branch und die spontane Ammoniakbildung im Nieren° 

und Leber-Gewebe. 

Obeii ergab sich, dass der graduelle Hemmungsunterschied bei 
der Wirkvmg votv Benzoesaure und Mandelsaure nicht auf eine 
prinzipielle Verschiedenheit der Wirkungsweise deutet; d. h. die 
Ungleichheit der Konstitution, wie sie bei diesen beiden Stoffen 
vorliegt, scheint keine nachweisbare Rolle zu spielen. Bei Stoffen 
mit grosserer Unahnlicblceit im Aussehen der Molekule besteht 
jedoch Grand zu der Erwartung, dass eine irgendwie andersgeartete 
Hemmungswirkung auftrete. Um zu erfahren, welche Gruppe im 
Slolekiil, bier der Benzoesaure und dort der Mandelsaure, die alctive 
set, vnirden daher, in einer im {ibrigen mit der der friiber besclnie- 
benen Versuche analogen Weise, auch Versuche mit Stoffen ange- 
stellt, die in ihrer Konstitution von diesen beiden Sauren auf ver- 
schiedene Art abweichen. 

Die Versuche mirden an Nieren- und Leher-Schnitten nach der 
auf Seite 24 ff. angegebenen Methode ausgefiihrt. Die Konzenira- 
tion der untersuchten Sioffe im Reaktionsgemisch war dabei durch- 
gehends 0,025 Moljl. 

Die Ergebnisse der Nierenschnitt-Versuche sind in Tabelle 6 und 
die der Lebersclmitt-Versuche in Tabelle 7 zusamraengestellt, wobei 
die untersuchten Stoffe nach ihrer konstitutionellen Gleichheit in 
Grappen geordnet wurden. Um ein besseres Verstandnis der Ver- 
gleiche zu ermoglichen, und weil die Variationen der Hemmungswir- 
kung verscliiedener Stoffe in vielen Fallen germg sind, wrde das 
Verhaltnis zwischen dem Stoffwechsel bei Vorhandensein und dem 
bei Fehlen der untersuchten Stoffe nicht nur in Brozenten ange- 
geben, sondern es wurden fiir jeden Versuch auch die absoluten 
Zahlen fur die Starke des unter verschiedenen Bedingungen herr- 
scfaenden Stoffwechsels in die Tabellen eingetragen. 

1. Gruppe. Nairiumchlorid. 

Diese Versuche zeigen die Starke der unspezifischen Salzvorkimg. 
Sie vrurden schon auf Seite 41 besprochen. 

2, Gruppe, Benzoesaure, Phenylessigsdwe, ^-Phenyl'profionsaure. 

Mit Hilfe dieser Stoffe ^vurde der Einfluss der Lange der Fettsau- 
rekette bei den phenylsubstituierten Fettsauren studiert. 
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TABELLE 6. 

Einwirkung von Benzoesaure und vencandtcn Stoffcn in 0,02S-mol 
Losung mij den spontanen Saucrstojfverbrauch nnd die sjmntnne 
Ammoniakbildung im N icrengcwcbe. 



SaucrstoRvrr- llrmiiiiinK ( — ) 


branch In inm’ 
wahrcnd <lcr 
Vcrsuchadntirr 


br.u'. 

Stlmiihminc 
<■*■) In % 


Aininoiilak- j 
blldmiK in iiiK 1 
wniircnil tier ! 
Vf titnchailaiir r j 


JIrmntnns ( — ) j 
hiw. 

StlmullrrmiE 
{ - ) In % 



1. Gntppc. 
Natriumchlorid*) .. 
NaCl 


2. Oruppe. 

Benzoesaure’) 

/\ 


282 2i52 
300 283 
282 247 
315 270 


■v 

COOH 

Phenylessigsflure’) ..... 

n 

\/ 

CHjCOOH 

^-Phenylpropionshure* ) 
/\ 

u 

CHjCH.COOH 

3. Oruppe. 

Ameisensaure’) 

HCOOH 


Essigsaure') .... 
CHjCOOH 
Propionsaure’’) . 
CHjCHjCOOH 


Buttersauro®) 

CHaCHjCHjCOOH 

4. Oruppe, 
Mondelsaure®) 

0 

CHOHCOOH 



211 ~26 
180 —31 

357 +3 

288 —5 
104 —30 

147 —30 

147 — 40 

285 —2 

273 —4 


188 —39 

195 — 27 

138 —45 

170 — 40 

100 —44 


Mlttcl. . ! i iMItM. 1 

sitontan; i trit,. , 

Stoff Vrpiiictr 


0,020 I 0,024 I — S 


0,025 [ 0,022 : — 12 


0,029 j (',020 ; —10 


O,030 0,01 4 
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) p. analysi. Merck. =) f. wiss. Zw.v Merck, sj ^ier gereinigt. *) rein, 
Heyl & Co. *) puriss., Merck. «) f. ^viss. Zw., Schering-Kahlbaum. hier 
synthet. n. gereinigt. synthet. von A/B Pharmacia. 
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TABELLE 7. 

Einwirkung ■ von Benzoesdure und verwandten Stoffen in O,025~7nol 
Losung auf den spontanen Sanerstoffverbrauch und die spontane 
AmtnoniakbUdung im Lebergewebe. 
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Stoffe 

Sauerstoffver- 
brauch in mm’ 
wahrend dcr 
Versuclisdauer 


spontan 

mit 

resp. 

Stoff 

1 

2 

3 

6. Oruppe. 



o-Oxybenzoesaure (Salicyl- 

216 

83 

saure) 

232 

76 

m-Oxybenzoesauro 

235 

176 


254 

158 


249 

190 

p-Oxybenzoesaure 

246 

151 


213 

143 

7. Oruppe. 



o-Aminobenzoesaure 

202 

155 


208 

165 

m-Ammobenzoesaure 

215 

146 


194 

155 

p-Aminobenzoesaure 

159 

124 


177 

136 

8. Oruppe. 



Benzamid 

218 

141 


189 

134 


173 

93 

Acetamid 

241 

226 


221 

222 

Propionamid 

213 

217 


160 

164 

9. Oruppe. 



Phenol 

185 

63 


178 

53 

Anilinhydrochlorid 

195 

180 


213 

170 

10. Oruppe. 



Benzolsulfosaure 

209 

205 


221 

220 

Sulfanilsaure 

214 

174 


228 

211 


168 

145 

Sulfanilamid 

249 

204 


242 

186 


Hcmmung ( — ) Ainmonlak- 

bzw, bildung In mg 

Stimiilicrung ivalirend dcr 
( + ) in % Versuclisdnucr 


Mittcl- 


—23 
—21 
—32 i 
—20 

22 

—23 



Hcmmung ( — ) 
bzw. 

Stimiilicrung 
( + ) in % 


Mittci- 
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Phenylpropionsaure scheint auf den Sauerstoffverbrancli im Nie- 
rengewebe eine etivas starkere Hemmung anszuiiben als Benzoe- 
saure und Phen 3 dessigsaure, ivahrend die auf die Ammoniakbildung 
ausgeiibte Hemmung die gleiche zu sein scheint. Im Lebergewebe iibt 
Phenjdessigsaure auf den Sauerstoffverbrauch eine etwas geringere 
Hemmung aus als Benzoesaure und Phenjdpropionsaure, die unter 
sich eine gleich starke Hemmung hervorzurufen scheinen. Moglicher- 
v-eise liegt bei Verlangerung der Fettsaurekette eine Tendenz zn 
verstarkter Hemmung der Ammoniakbildung vor. Bei alien drei 
Stoffen ist die Hemmung sowohl des Sauerstoffverbrauchs wie aucbdie 
der Ammoniakbildung im Nierengewebe starker als im Lebergewebe. 
Es scbeint, als ob die Konstitutionsverschiedenheit bei den unter- 
suchten Stoffen ihre Hemmungsuirkung nach keiner Richtung bin 
stark beeinflusse. 

3. G r u p p e. Ameisensdnre, Essigsdnre, Propiomciure, Butter- 
satire. 

Die Untersucliung dieser Stoffe ermoglicht einen Vergleich zwi- 
schen ihrer IPirkung und der dor entsprechenden phenylsubstituier- 
ten Sauren der 2. Gruppe; hierdurch konnte die etv?aige Rolle der 
Phenylgruppe bei den zu studierenden Vorgangen vielleicht erkannt 
warden. 

Die Yersuche zeigen, dass der Sauerstoffverbrauch im Nierenge- 
webe durch Ameisensaure und Propionsaure, bei denen die Anzahl 
der Kohlenstoffatome ungerade ist, miissig gehemmt ivird, wahrend 
er von der Essigsaure und der Buttersaure, bei denen die Zahl der 
Kohlenstoffatome eine gerade ist, nicht beeinflusst zu werden scbeint. 
Die Ammoniakbildung im Nierengewebe scbeint dagegen von alien 
in Bede stehenden Stoffen ziemlich gleicbermassen gehemmt zu 
w’erden. Dies diirfte darauf deuten, dass die Fettsauren, die eine 
gerade Zahl von Kohlenstoffatomen aufweisen, in einem solchen 
Ausmass verbrannt werden, dass die von ihnen ausgeiibte Hemmung 
maskiert wird; ein Umstand ahnlicher Art wie der bereits (Seite 45) 
im Zusammenhang mit der Hemmungswirkung der Mandelsaure 
besprochene. Im Lebergewebe lasst sich eine Wirkung der Stoffe 
nicht sicher nachweisen. Moglicherweise liegt bei Anwesenheit von 
Buttersaure eine leichte Stimulation der Verbrennung vor. 

Ein Vergleich der Wirkung, die einerseits von den Stoffen in 
Gruppe 2 und anderseits denen in Gruppe 3 ausgeiibt wird, zeigt 
also, dass die Fettsauren eine gewisse hemmende Wirkutig auf den 



58 


BIBGEn HEUNEB 


Stoffwechsel ira Nierengewcbe auszuiiben scheincn, und dass sich 
diese Wirhtng dutch PhenyUubstihUion vcrstdrkt. Im I^bergewcbe 
tritt eine Hemmungswirkung erst dann auf, wenn es fiich um Fett- 
sauren handelt, die eine Phenylgruppe in das Molekiil aufgcnommen 
haben. 

4. Gruppe. IlandeMure, Phcnylglyoxylsdure, (Phcnyhlanin). 

Die Untersucbung dieser Gruppe zeigt, wclchen Einfluss cine 

Substitution in der Fettsaurekctte auf die Hemmungswirkung des 
betreffenden Stoffes hat. 

Im vorhergehenden wurde schon die Hemmungswirkung bespro- 
cben, die die Mandelsaure — Phenyloxyessigsaurc — hervomift. 
Damals (Seite 50) UTirde darauf hingewiesen, das.s sic im Prinzip 
die gleiche Wirkung wie Benzoesaure haben diirftc, die ihrerscit-s, 
im grossen und ganzen gesehen, liinsichtlicli^ ihrer Wirkung mit der 
Phenylessigsaure ubereinstimmt. Ein Verglcich zwischen der Wir- 
kung von einerseits Phen 5 dgIyoxjdsaure — Phcnylketocssigsaure — 
und anderseits von Phenylessigsaure zeigt ebenfalls, das.s die Wirkung 
der beiden Stoffe grosse Ahnlichkeit hat. Es scheint also, als sfid- 
ten die betreffenden Substiintionen in der FettsdurekeUc keine Edlh 
bei der Frage der Hemmungswirkung. 

Die Untersuchimgen fiber das Phcnylalanin — Phenylaminopro- 
pionsaure — , haben keinen Bescheid geliefert., da der Stoff selbst 
desaminiert wird und dadurch die Feststellung einer eventuellen 
Hemmung der Ammoniakbildung im GeAvebc unmoglich macht. 
Schon bei einer Konzentration von 0,00125 ]iIol/l stimulierte 

(■!■) Phcnylalanin die Ammoniakbildung bei je zwei Vcrsuchen 
mit Nierenschnitt resp. Leberschnitt durchschnittlich um 62 % 
und 70 %. 

5. Gruppe. Hippursdnre. 

In diesem Zusammenhang •\vurde nuch die Hippursaure unter- 
sucht; nicht wegen ihrer Konstitution, sondem auf Grund ihrer 
hinsichtlich des Stoffwechsels herrschenden Beziehungen zur Ben- 
zoesaure. 

Im Nierengewebe scheint die Hippursaure auf sowohl Sauerstnff- 
verbrauch als auch Ammoniakbildung eine geringere Hemmung 
auszuiiben als Benzoesaure, und im Lebergewebe kann eine Hem- 
mung nicht sicher nachgewiesen werden. Es ist interessant zu sehen, 
wie die Starke Hemmungswirkung dor Benzoesaure durch ihre Kop- 
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pelung mit Glykokoll zu Hippursaure anscheinend reduziert wird, 
iras dafiir spricht, dass hier cine entgiftende Wirkung vorliegt. 

6. G r u p p e. o-Ox-t/benzoc^aure (SaUcyMnre), m-Oxybetizoesaure, 
p-Oiybeiizoc^Uure, 

Die Untersuchungen, die mit den Stoffen in dieser und der nach- 
sten Gnippo angestellt inirden, beabsichtigen, die Wirkung der Sub- 
stitution eincs Wasscrsiof fatoms am Ring der Benzoesaure zu zeigen. 

Die drei vcrscliiedencn Oxybenzocsauren zeigen in ihrer Wirkung 
keine rollige tibereinstimnnmg. Die o-Oxybenzoesaure scheint 
durchgehends eine etn-as kriiftigere Hemmung auszuuben als die 
beidon andern, die untcreinander cine fast ganz ubereinstimmende 
■R'irkung nufweisen, die ihrerseits auch mit dor der Benzoesaure 
ziemlich ubereinstiinmt. Im Lebergewebc schcint jedocb die 
Benzoesaure cine etwns kriiftigere Hemmung auf den Sauerstoff- 
%*erbrauch auszuuben als m- und p-Oxybenzoestiure. Die Versuche 
scheinen also zu zeigen, dass durch die SitbstiUifioji inOrthosteUung die 
Hanmungsicirhing im Vcrgleich zu der der Benzoesaure verstdrki -wird. 

7. G r u p p 0, o-Aminobenzoesaitre, m-Aminohenzoesaure, p-Amino- 
benzoesaure. 

Die drei Aminobenzoesauren, die bei Substitution eines Wasser- 
stoffntoms am Ring der Benzoesaure durch eine Aminogruppe ent- 
Ptehen, iiben auf den Stoffwechsel im Nierengewebe eine ziemlich 
gleichgrosso Hemmung aus. Auch im Lcbergeivebe iiben alle eine 
ungefahr gleicligrossc Hemmung auf den Sauerstoffverbrauch aus, 
wahrend die ra-Aminobenzoesaure im Gegensatz zu den anderen 
die Ammoniakbildung etwas zu stimulieren scheint. Vorglichen mit 
Benzoesaure iiben sie im Nierengeivebe alle eine geringere Hemmung 
auf die Ammoniakbildung aus, und auch beim Sauerstoffverbrauch 
liegt moglichenveisc eine Tendenz zu schwacherer Hemmung vor. 
Im Lcbergeivebe iiben sie eine geringere Hemmung auf den 
Sauerstoffverbrauch aus als Benzoesaure. Die Versuche scheinen 
also zu zeigen, dass durch die in Rede stehende Substitution die 
Hemtnungstcirkung im Vcrgleich zu derjenigen der Benzoesaure 
etwas geminderi wird. 

Die Ergebnisse der Untersuchungen fiber die Stoffe der 4,, 6. und 
7. Gruppe zusammenfassend, kann also gesagt werden, dass keine 
der hier besprochenen Substitutionen am Ring oder an der Kette eine 
wcseniliche Veranderung der Hemmung des Sauerstoffverbrauchs und 
der Ammoniakbildung im Nieren- und Leber-Gewebe mit sich 
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zu bringen scheint. Bemerkenswert ist jedocli die Wirkung der 
Salicylsfiure; diese sclieint niimlich durchgohends einc ctwas kniftigere 
Hemmung auszuiiben als die Bcnzocsaure. 

8. Gruppe. Benzamid, {Formamid), Acelamid, Propionamid. 

Die Untersuchung der Stoffe in dicscr Gnippe bcabsiciitigt, die 
Wirknng zu studieren, die cine Substitution in der Carboxylgruppe 
der Benzoesaure und der niedrigcren FcttsiLuren auf die Heramungs- 
Avirkung der betreffendcn Stoffe ausubt. So kann die Frage untersucht 
werden, Avelche Rolle die freie Carboxylgruppe bci den in Betracht 
gezogenen Vorgiingen spielt. 

Benzamid scheint auf den Sauerstoffverbrauch im Nicrcngewebe 
eine gleichstarke Hemmung auszuiiben wie Bcnzocsaure. Formamid 
konnte nicht untersucht werden, da cs ohne Anwesenbcit von Gewebe 
spontan Ammoniak abgibt. Aeetamid iibt, wie Essigsaure, koine 
sichere Hemmung auf den SaucrstQffverbrauch im Nierengcwebe 
aus, und das Gleiche gilt, im Gegensatz zur Propionsiinrc, fiir Pro- 
pionamid. Auf die Ammoniakbildung im Nierengcwebe iibt das 
Benzamid eine geringere Hemmung aus als die Benzocstiurc, und 
Aeetamid und Propionamid zeigen eher einc Tcndcnz zur Stimula- 
tion der Ammoniakbildung, im Gegensatz zu Essigsaure und Pro- 
pionsiiure, die sie leicht zu hemmen scheinen. Die besngtc Stimula- 
tion kann indessen vielleicht durch Verunreinigungcn in den Priipa- 
raten verursacht sein. Im Lebergewebe scheint Benzamid cine 
ungefahr ebensogrosse Hemmung des Sauerstoffverbrauches aus- 
zuiiben Ane die Benzoesiiure, und Aeetamid und Propionamid schei- 
nen vde die Essigsaure und die Propionsiiure indifferent zu sein, 
Auf die Ammoniakbildung im Lebergewebe uirken alle drei Amide 
stimulierend, was besonders beim Benzamid kraftig in Ersebeinung 
tritt. Dies diirfte bedeuten, dass die Stoffe selbst desamidiert wer- 
den. Da auf diese Weise die HemmungsAvirkung dieser Stoffe auf 
die Ammoniakbildung iiberdeckt wird, ist es schwer, auf die Starke 
der Hemmung zu schliessen. Jedoch scheint cs, als liege, im 
Vergleich zur freien Carboxjdgruppe, hei Act amer AininosubstHtdioii 
ausgesetzten Carboxylgruppe eine Tendenz zur Aliiidcning dtr 
Hemmungswirkiing vor. 

Im Folgenden (Seite 84) soli die Einwirkung der Benzoesaure auf 
die verantwortlichen desamidierenden Enzyme untersucht werden 
wie auch die Wirkung auf einige andere Enzyme, die eine Ammoniak- 
bildung im Nieren- resp. Leber-Gewebe vermitteln. 
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9. Grtippc. (Hcnzo})^ Phenol, Atu'lin. 

IsIH Hilfe dieser vStoffo soU die Wirkung des Bcnzoiringcs bei 
Folden der Carboxylpruppe uniensncbt wcrdcn. 

Bns Bew.ol kojmte nicht iinter.suclit werden, da cs in zu 

pmnpem Grade %vnK.Hcrlo?Iioh ist. Phenol heinmt den Sanerstoffver- 
bniueb im ^sierengewebo erheblioh starker nls Anilin, Miilirend der 
rntersehied in der Wirknnp tier Ijcidon Stoffo auf die Ainnjoniak- 
bildnnp nieht so sipnifikativ isl. Im Lebergotvebe hemmt Phenol 
aiu'b den Sanerstofft'crbrnnch stark, tvahrend die Wirkung des 
Anilins nnhctletitond ist. Atd die Ammoninkbildung im Leborge- 
wbe dapepen iibt Phenol keine Wirktinp aus, wuhrend Anilin die 
Atninoninkbildunp ein wenip zu stimulieren scheint. Am niichsten 
liegt da der Gt?dank(', das Ammonink stnmme nns dcr Aminognippc. 
Verpliclu'51 mit der Bonzoesaurc hemmt das Phenol den Sauerstoff- 
verbrnurh sonobl im Xieren- nls nucli im Leber-Gewobe starker, 
tv.abrorid die Hemmting der Ammoniaki)i!dmig durch die bciden 
istnffr die pleichc zu sein seboittt. T>ns denlet darauf, dass daa Phenol 
ouch solelie Oxydationsprozessc stark hojmnt, bei deren Vorlanf 
kein Ammonink freitvird. Anilin scheint dureliweg einc sclnvncbcre 
Wirktmp als Benzot'^iinre ztJ baben, 

Ks erpibt fieh also, dass r/rr /knzolrhuj, <utcJi vant I'dnc Carbort/l- 
r/rupp', sotulem einc Hydrt»xylgnipjHi odor Aminognippc angeglic- 
(krt id, tine Hernr/iiittg auf den Stoffwcebsei im Xicren* imd 
lAdH'rpetvobe audilif. Diese Hemmnng sebeint im ersten der 
beiden i’sille kriiftiper, im zweiten seinviieher zu sein aks die durch 
Berizoesaure hervorgerufone. 

1 (J. G r u p p c, Penzokulfatnurc, Sulfa7iihaure, SuIfo7ii}aniid. 

Die Sloffe diescr Griippe enf Imlten cine Sulfosaurcgruppe an 
Ftclle oiner CarboxyJgnippe. 

Im GegensaU zu clem, was bei tie.n entsprechenden Carbonsiiurcn, 
tier Bcnzoctsiutrc und tier ]>-Aminobenzocsaure, dcr I'^all nvar, zeigen 
flic* Versuche, dass die Stoffe durchgebends cine schr geringe oder 
keine Wirkung nuf den Grad dcs Bauerstoffverbrauchs und der 
Ammoniakbildung im Kicren- und Jjcbcr-Gcwcbe haben. Es scheint 
also, nls hebe die Sulfosiiuregruppc die Giftteirkung, die sich beim 
Bcnzolring in Vorbindung mit andcren Gnippon gczeigt hatte, 
beinabc tidcr gnnz auf. 
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Zusammenfassung der Ergcbnissc. 

Als hauptsachliche Schlussfolgerungen aus don hier 'wiedergege- 
benen Untersuchungen durfte sich Folgcndos zusamtnenfassen 
lassen. 1. Dass die phenjdsubstituierten Fettsiiuren einc offenbar 
erheblich starkere Hemmungswirkung auf den Saiierstoffverbraucb 
und die Ammoniakbildung im Nierengewebe und auf den Sauer- 
stoffverbrauch im Lebergewebe ausiiben als die entsprechenden 
Fettsauren. 2. Dass anscheinend die Lange der Fettsiiurekette in 
den phenylsubstituierten Siiuren keino grdssere Rolle spielt, 3. 
Dass eine Substitution an der Kette bei Plienylessigsiiure (zu Mandcl- 
saure oder Phenylglyoxylsaure) oder im Ring der Benzoesiiuro (zu 
einer der Oxy- oder Aminobenzoesiiuren) die Hemmungswirkung 
nicbt ■wesentlicb. verandert; die Salicylsiiure scheint jedoch eine 
durchgehends kraftigere Hemmungswirkung auszuiiben als die Ben- 
zoesaure selbst. 4. Dass der Benzolring im Vercin mit einer Hydr- 
oxyl-, Amino- oder Saureamid-Gruppe, jedoch ohnc Carboxyl- 
gruppe, eine Hemmung ausubt, die der Starke nach anscheinend 
nicht erheblich von der dutch die Benzocsiiure ausgclosten abweicht. 
5. Dass die Sulfosauregruppe fast vollig die Hemmungswirkung 
aufzuheben scheint, die der Benzolring in Verbindung 'mit den 
obengenannten Gruppen ausubt. 

Die Fragestellung in den eben besprochenen Untersuchungen ■war; 
Welches ist, hinsichtlich deren nachgewicsener Hemmungsuirkung. 
die aktive Gni'ppe im Molekiil der Benzoesiiure und der Mandelsaure? 
Aus den Untersuchungen scheint hervorzugehen, dass es die 
KombiTiaiion der Phenyl- nnd Carboxylgruppe ist, die diese Wir- 
kung bedingt. Denn beide Gruppen, je fiir sich, scheinen zvar in 
der Regel eine Hemmung hervorzurufen, aber diese ist gewohnlich 
schwacher als die, welche die beiden Gruppen hervorrufen, 'vvenn 
sie in phenylsubstituierten Fettsauren gemeinsam auftreten. 

Weiterhin war es interessant, die Ergebnissedieser Untersuchungen 
mit ahnlichen zu vergleichen, die von Anderen angestellt vairden. 

MAhliSn (1928) findet iir seiner oben (Seite 11) angezogenen Unter- 
suchung uber den Einfluss der Benzoesaure, der p-Ox 3 ^benzoesaure, 
der m-Oxybenzoesaure und der SaUcylsaure auf die Succinodehydrase, 
dass diese Stoffe eine nach der Aufzahlungsordnung an Starke zuneh- 
mende Hemmung ausiiben. 

Auch in vorliegender Untersuchung hat die Salicjdsaure eine 
starkere Hemmungswirkung gezeigt als die iibrigen obengenannten 
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Saurenj zirischen diesen letzten konnte jedoch ein sicherer Unter- 
schied nicht nachgewesen werden. 

Kdein o. Kamin (1941) haben bei ibren Versuchen iiber die von 
der Benzoesanrc ansgeubt-e Hemmung auf die d-Aminosanreoxydase 
(Seite 11) auch die Wirkung einiger anderer Stoffe untersucbt und 
mit der der Bcnzoesaure vergliclien. Sie fanden dabei, dass die 
Carboxylgruppe notvendig war. um eine Hemmung zu erzeugen, 
femer dass der Benzoiring effektiver war als andere Binge, some 
dass eine Substitution am Bing oder zuischen diesem und der Carb- 
oxylgruppe die Hemmuugswirkung verminderte. Die Hemmung 
der d-Aminosaureoxydase scheint also derjenigen bei der spontanen 
Gewebeoxydation imd bei der spontanen Amraoniakbildung im 
Nieren- und Leber-Gewebe nicht ganz gleichwertig zu sein, 

Auch XJntersucbungen von v. Euler (1942) zeigen (Seite 12), dass 
hinsichtUch der Fragc nach der Hemmungsmrkung der Bcnzoesaure 
und ihr verwandter Stoffe auf iGlchsauredehydrase die Verhiiltnisse 
etwas anders liegcn als im Fallc der spontanen Gewebeoxydation 
und der spontanen Ammoniakbildung. So findet v. Euler, dass 
Salicjdsaure eine erheblich kraftigere Wirkung als Benzoesaure 
ausiibt, wahrend diese ungeftibr die gleicbe Wirkung hat wie 
Benzamid. Dagegen hat laut v. Euler Sulfanilsaure cine starkere 
Wirkung als Benzoesaure, 

Die Benzoesaure und ihr verwandte Stoffe hemmen also eine 
Anzahl verschiedener EnzymsystemCj aber die Stoffe scheinen dabei 
auf die Systeme verschieden stark zu wirken. 

Der Einfluss der Benzoesaure auf verschiedene amnio» 
nlakbildende Prozesse im Nieren- und Leber-Gewebe. 

Um nun den Einfluss der im vorhergehenden untersuchten Stoffe 
auf verschiedene ammoniakbildende Prozesse ira Nieren- und Leber- 
Gewebe zu untersuchen, wurde in den folgenden Versuchen Benzoe- 
saure als ilir Beprdsentani verwendet. Da die Wirkung der Benzoe- 
saure bei den friiheren Unterauchungen von der verschiedener an- 
derer untersuchter Stoffe nicht wesentlich abweicht, und da die 
Benzoesaure im Zentrum des Interesses steht, schien es richtig zu 
sein, gerade sie fiir die besagte Bolle zu -vvahlen, 

Aub den friiher geschilderten Versuchen ging hervor, dass durch 
die versebiedenen hemmenden Stoffe die Ammoniakbildung nur im 
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Nierengewebe wesentlich gehemmt wird Avahrend sie im Leber- 
gewebe nicht sicker beeinflussfc wird. Deshalb sind naturlich vor 
allem die Versuclie mit Nierengewebe von grdsserem Intercsse. Samt- 
liche Untersuchungen, von denen in diesem Kapitel die Rede sein 
wird, wurden jedoch auch an Lebergewebe vorgenommen, und auch 
dies hat Anfschliisse von positivem Interesse gegeben. 

Es ist denkbar, dass die Hemmungswirkiing, die von Benzoesaure 
und den anderen Stoffen auf die spontane AmmoniakbUdung im 
Nierengewebe ausgeiibt wird, eine Oifltoivkung ist, die oUc ammoniak- 
bildenden Prozesse im Gewebe in gleich hdhem Masse hetrifjt. Ander- 
seits kann man sich aber auch vorstellen, dass nur getvisse Prozesse 
heeinfhisst werden, Avahrend dies bei anderen gamicht oder doch 
in weit geringerem Mass der Rail ist. Bei einer Bonzocsaiirekonzen- 
tration von 0,025 Mol/1 Anrd zum Beispiel die spontane Ammoniak- 
bildung um ca. 50 % gehemmt (Tabelle 6); dies konnte also entweder 
darauf beruhen, dass jederlei Ammoniakbildung auf die 
Halfte herabgesetzt AAird, oder aber darauf, dass einer oder meh- 
rere ammomakbildende Prozesse um mehr als 50%, einer oder 
mehrere andere aber um Aveniger als’ 50 % gehemmt werden und 
zAvar in solcher Weise, dass sich eine durchschnittlichc Hemmung 
von ca, 50 % ergibt. Ein Versuch zur Klarung dieses Problems 
Avird dadurch unternommen werden, dass der Einfluss der Benzoe- 
saure aAof die von verschiedenen Ammoniakspendem stimulierte 
Ammoniakbildung untersucht Avird. 

Die Versuche Avurden nach der auf Seite 24 ff. beschriebenen Me- 
thode ausgefuhrt. Die Ergebnisse AAmrden in den Tabellen 8 und 9 
soArie 11 und 12 zusammengestellt. Hier AATirde die wahrend der 
Versuchsdauer, teUs in Spontanversuchen, teils bei Anwesenheit 
eines Substrates und ferner noch die bei Anwesenheit von sowohl 
Substrat als auch Benzoesaure gebildete absolute Ammoniakmengt 
Die Substratkonzentration AA'ar variiert AA’orden, AA’ah- 
rend die der Benzoesaure konstant 0,025 Mol/1 entsprach. 

Bei Versuchen mit Nieron- und Leber-Extrakt soAvie Leborschnitten ttbfc 
Benzoesaure von 0,025-mol Konzentration keine sichere Hemmung auf die 
spontane Ammoniakbildung aus (Diagramme 15, 17 und C). Dagegcn hemmt 
Benzoesaure bei Nierenschnitt-Versuchen die spontane Atnmoniakbildungi um ca. 
50 %, was aus fruheren Versuchen (Diagramm 2, Tabelle 6) hervorging. Dies 
muss also berucksichtigt werden bei der Boreclmung der HemmungsAvirkung. die 
die Benzoesaure auf die Ammoniakbildung ausubt, die von dem zugesetzten 
Substrate ausgeht. Leider reicht nur in Ausnahmefallen die Schnittmengo A-on 
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den Niercn eines und desselben Tieres zii den 8 Einzelversuchen, die notig sind, 
n^nn die Hemmungswirkung der Benzoesaure nuf die spontane Ammoniak- 
bildung bei jedom Versuch gleichfalls untersucht -n'erden soil. Gewohniich 
reichen die Schnitto nur zu hochstens 6 Vorsucben, wenn jeder Einzelversuch 
an 60 mg Schnittmengo gcmacbt ■wcrden soli. Bei einer Verminderung der 
Gewebemcngo fur den cinzelncn Versuch, die oin sicheres Ausreichen der ver- 
fugbaren Gesamtmengo fur 8 Einzelversuche gowahrleisten Aviirde, entsteht 
die Gefahr einer grosseren Ungenauigkeit, was aus den auf Seito 32 angefuhrten 
Versuchen her\'orgeht. Wenn es auch nicht einwandfrei ist, schien es deshalb 
dock am richtigsten zu soin, die Versuche wie gewohniich an 60 mg Schnitt- 
menge auszufuhren imd lieber die zwei Einzelversuche auszuschliessen, die der 
Hemmungswirktmg dor Benzoesaure auf die spontane Ammoniakbildung gelten. 
Bei der Berechmmg wurdo die Hcmraung dann als 50 % befcragend angenom- 
men; dieso Zahl licgt nahe dem mittleren Wert fur die 4 Versuche (Tabelle 
6), die uber die Hemmungswirkung einer 0,025-mol Benzoesaurelosung auf die 
spontane Ammoniakbildung im Nierenschnitt angestellt warden. XJm die 
Ergobnisse der Nieronsclmittvcrsucho, die dabei in hoheren Grade als andere 
nur als Annkherungswerte aufzufasson sind, zu sichem, wird in jedem Ver- 
such, bei dem es fur die Schlussfolgerungen von Bedoutung sein kann, 
angegobon worden, innerhalb vrolchor Grenzon das Rcsultat variiert, wenn die 
Hemmung der spontanen Ammoniakbildung zwischen 40 und CO % variiert. In 
den angegobenen Versuchen hat sio zwischen 46 und 59 % variiert. Auf den 
Tabellen 8 und II, Spalte 8, sind also die IVerte fur Versuche mit Nieren- 
schnitten nach einer als 50 % betragend angonommenen Hemmung auf die 
spontane Ammoniakbildung errechnet. 

In den Tabellen 8, 9, 11 und 12 tnirden nur die Werte fiir 
das Mass der Ammoniakbildung, -nicht aber die fvir die Grosse 
des Smierslojfverhrauchs angegehen. Letztere erbieten bei diesen 
Versuchen ein geringeres Interesse, da die untersuchten Substrate 
im allgemeinen in so niedriger Konzentration zugesetzt "worden 
waren, dass sie den Sauerstoffverbrauch nur unbedeutend beein- 
flussten, iveshalb die dabei gewonnenen Ergebnisse tvenig Aufkla- 
rung geben. 

Der Einfluss der Benzoesaure auf die Desaminierung der l-Aminosauren. 

In erster Linie mirden die l-Aminosauren untersucht, da sie, was 
schon friiher (Seite 14) hervorgehoben ivurde, im Nieren- und Leber- 
Gewebe die uichtigsten Ammoniakspender sein diirften. 

Nach Krebs (1932, 1933 a) Avird in In- vitro- Versuchen an Nieren- 
gewebe die d-Komponente der verschiedenen Aminosauren bedeu- 
tend schneller abgebaut als die 1-Komponente. Hiervon ausge- 
nommen sind eigentlich nur die !(-}-) Glutaminsaure und die 1 ( ) 

Asparaginsaure. die nicht bloss schneller als die entsprechenden 
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Konz. t{+)Cjlutarr3insaure 
0.O1 O.ooiJ 0.00115 Qoootif Mol /I 



Dingrnmin 14. Spoiilaiic uud von 1 (4-) Olulantinudurf {n iyr.*c;i)V<ff»/n A'on- 
:cntrationcn slimtilicrtc Anintoniaf:l/ildiinij im foirte Ufrn- 

mtififf dor Atnmoniflkbildung durch 0 , 025 . inol /Jrnrof^dMrrKK^unK. Inoor* 
hnlb jedcs Sruilonpanrs gibt dio Sfiulo linkR das Mn.'.s dfr Atnnioniakl'ildiirig 
ohno Benzoosiiuro \ind dio Savilo rochts dnsjenigo dor Ammoninkbildung 
mit Bcnzoosfiiiro an. Dor panr-schwan'o Toil dor Saulon pibt di** .>r}>ontnno 
Ammoniakbildiinp an, dio boi Anwcscnboit von Benrw.tAiiro <d« riir HAlfto 
roduziort angenommoii wird. Dor sobmffiorto Toil dor Sftidon pbt dio 
durch I { + ) GlutaminsAuro stimulicrto Ammoniokbildung an, an dom dio 
durch BonzoosAuro vorursncbto Jlomnning in I’roronton ongogoljon ist 
(Woisser Toil dor Sfiulcn). Dio.sos Dingmmm wurdo initnufgcnommon, 
urn dio Berochnung dor Wcrto in den Tnbollon S, 0, 10 und 12 tu 
crlfiutem. 

d-Komponenten nbgcbaut -vverden, sondcrn bei dcnoH dor Abbau 
aiich quantitativ in ziemlich grossom Umfang erfolgt. 

Als Eepriisontonlen fiir die l-Aminosauren Imbcn dc-shnlb in 
erster Linio die beiden gonannten gedient. Ausserdem \TOrden anch 
1 ( — ) Leucin und 1 ( — ) Prolin untersucht. Diese werden allcrdings 
erheblich langsamer als jene abgcbaut, sind aber als Bepriisentanten 
fiir zwei andere konstitutionell %*crschicdenc 'J’ypcn doch von In- 
teresse. 

Aus Tabelle 8 und Diagi-anim 14 ergibt sich dor Grad der Stiinulic- 
rung der Ammoniakbildung, die durch I (-f) Gluiamhisaurc t'cr- 
schiedener Konzentraiion im Nicrensclmitt hervorgemfen vird, sowie 
die gleichzeitige, durch Benzoesiiure verursaclite Hcmniung (siehe 
auch Diagramm 4). E& zeigt sich, dass sich die Hemmungswirkung 
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TABELLE 8. 


Einunrkung von Benzoesaure in 0,025-mol Losung auf die Ammo- 
niakbildung aus Z- und d-Aminosauren im NiercTigewebe. 




Aramoniat- 



Ammoniak- 

Hemmung 




blldung 



bildung mil 

der 


Gewebe 

und 

Substrat- 

Konz. 

in 

mg 

Stlmu- 

llening 

Mlttel- 

Substrat 

und 

Substratstl- 

mullcrung 

Mittel- 



wert 

wert 

Substrat*) 

sroi/i 


mtt 

In % 

Benzoe- 

durch 



spontan 

Sub- 



saure 



1 



strat 



in mg 

saure In % 



2 

3 

4 

5 

6 

7 

8 

9 

NierenschniU 









1 ( + ) Glutaminsaure 

0,01 

0,020 

0,045 

125 


0,030 

20 



0,0025 

0,022 

0,041 

86 


0,019 

58 



0,00125 

0,015 

0,026 

73 


0,008 

95 



0,000625 

0,020 

0,028 

40 


0,012 

75 


1 ( — ) Asparaginsaure 

0,00125 

0,018 

0,030 

67 

1“ 

0,000 

100 

1 95 


0,00125 

0,015 

0,080 

100 

0,009 

90 

I ( ) Tifliicin 

0,0025 

0,00125 

0,018 

0,023 

0,026 

0,030 

44 


0,013 

0,014 

50 



30 


64 



0,000625 

0,020 

0,023 

15 

} 

0,011 

67 

1 71 


0,000625 

0,018 

0,022 

22 

0,010 

75 

/ 

l(_)Prolin 

0,00125 

0,014 

0,018 

28 

1 33 

0,004 

175 

1 142 



0,00125 

0,013 

0,018 

38 

0,006 

no 

/ 

d ( — ) Alnnin 

0,00125 

0,000625 

0,019 

0,022 

0,060 

0,050 

216 


0,046 

0,016 

11 



127 

1 100 

82 

i 88 


0,000625 

0,015 

0,026 

73 

0,008 

95 

/ 

d ( — ) Valin 

0,00125 

0,000625 

0,018 

0,017 

0,031 

0,025 

72 


0,010 

92 



47 


0,009 

94 


d ( + ) Phenylalanin. . . 

0,00125 

0,017 

0,030 

76 

1 62 

0,008 

104 

1 104 


0,00125 

0,021 

0,031 

48 

0,010 

105 

Nierenextrakt 









d ( — ) Alanin 

0,0025 

0,0025 

0,009 

0,008 

0,042 

367 

1 284 

0,022 

61 

1 68 


0,024 

200 

0,012 

75 


0,00125 

0,014 

0,054 

286 


0,018 

90 



0,000625 

0,013 

0,026 

100 


0,014 

92 


d (— ) Valin 

0,00125 

0,00125 

0,008 

0,016 

0,016 

100 

1 106 

0,006 

125 

1 107 


0,034 

112 

0,018 

89 


0,000625 

0,011 

0,015 

36 


0,010 

125 


d ( -f- ) Phenylalanin. . . 

0,00125 

0,014 

0,036 

167 

1 191 

0,015 

95 

\ 94 


0,00125 

0,016 

0,052 

225 

0,018 

94 



1) Dio in dieser u. f£. Tab. genannten Substrate sind Praparato fur wisson- 
sch. Zw. V. Heyl & Co., Merck, Hoffmann-La Roche u. Schering-Kahlbaum. 
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Ehnoirhnig von Bcnzocsiinrc in 0,025-vu>] LMung nuj <liv Ammo. 
niaJchildung aus I- vnd d-Aminosliurcn im Mmrgturhi-. 


Gewebo 
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Konz. 
Mol/I 
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Ainmoiilsk-, ( — ) frtj.. j 
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; iir.il j biilrttm!- i 

• Jt'-iijfi*. [ tUttiull"- j 

j *Si!r>' V ninciiiirrh ' 
r In hi;; ; 

I . »Sur^ in "I , 


>!«!/■!• I 
wrn 


Lcbcrschnill 
1 ( + ) Glutnminsriuro 

1 ( — ) Aspnrnginsutire 


1 { — ) Lcucin 


1 ( — ) Prolin , 
d ( — ) Alnnin 


d ( — ) Vnlin 


d { + ) Phonyhilanin... 

Lcbcrcrtralct 
d ( — ) Alanin 


d ( — ) Alanin 

(gohemmt mit Hip- 
pursiluro von glei- 
clicr Konz.) 
d (— ) Valin 

d { + ) Phcnylalanin... 


O.oj 

0,0025 

0,01 

0,01 

0,0025 

0,0025 

0,01 

0,01 

0,01 

0,0025 

0,01 

0,0025 

0,00125 

0,00125 

0 ,OOOC 25 

0,0025 

0,0025 

0 ,OOOC 25 

0,00125 

0,00125 


0,0025 

0,0025 

0,00125 

0, 000025 

0,00125 

0,00125 


0,00125 
0, 000025 
0,00125 
0,00125 



O,000 j 

0,011 i 
0,010 I 

0.O28 I 
0,013 ! 

0,010 j 

0,027 I 
0,013 
e.013 
0,0 U 
0,027 
0,01(1 
O,00fi 
0,04 2 
0,022 
0,035 
0,032 
0,01 0 
0,025 
0,0 20 


0,028 0,050 100 

0,014 0,030 114 

0,02G 0,044 GO 

0,O2C 0,037 42 


—03 
—104 
— 10 


: ) « 


■\VIEKTJNG VON BENZOESATJRE AtTF DIE AMMONIAKBILDirNG 69 

der Benzoesaure bei niedrigerer Substratkonzentration kraftiger 
geltend macht als bei hoherer. Aueb aus den im Folgenden geschil- 
derten Versuchen mit anderen Aminosauren ergibt sicb, dass das 
Steigen der Substratkonzentration der Hemmungswirkung der Ben- 
zoesaure entgegemrirkt. 

Die Versuche zeigen also, dass Benzoesaure die Desaminierung der 
!(-{-) Glutaminsaure hemmt, sowie dass die Hemmung bei niedri- 
geren Aminosaurekonzentrationen, die 'wahrscheinlich den unter 
pbysiologiscben Verhaltnissen vorkommenden Konzentrationen mehr 
entsprechen, 50 % ubersteigt. 

Rechnet man, nach oben angefuhrtor Motivierung, damit, dass die Variations- 
breite der von der Benzoesaure auf die spontane Ammoniakbildung ausgeiibten 
Hemmung 40 — 60 % betragt, so "wird die Hemmungswirkung bei den zwei 
niedrigsten 1 (-j-) Glutammsaurekonzenfcrationen um ± 14 % resp. ± 26 % 
vnriieren. Im orsfceren Fall durfte also aueh bei Beriicksichtigimg der Ver- 
suclisfehler die von der Benzoesaure auf die Desaminierung der 1 (-}-) Gluta- 
minsaure ausgeubte Hemmung 50 % ubersteigen, wahrend sich dies im andem 
Fall vreniger sicher sagen lasst. Wahrscheinlich verhalfc es sich aber doch auch 
in diesem Fall so; nur die TJnsicherheifc der Zahlen und hiermit die Variations- 
fareite ist -wegen des hier geringeren Stoffwechsels gewachsen. 

Im Leberschnitt ist die Stimulierung der AmmoniakbMung dutch 
1 (-f) Glutaminsaure so unbedeutend, dass sie nicht mit Sicherheit 
als bestehend angenommen iverden kann (TabeUe 9). Dies stimmt 
auch mit den Ergebnissen von Untersuchungen Anderer uberein. 
So fanden Felix u. Naka (1940), dass 1 (-}-) Glutaminsaure im 
Rattenleber-Schnitt kaum und 1 ( — ) Asparaginsaure sehr wenig 
abgebaut wird. Schlussfolgerungen uber die von Benzoesaure auf 
den Umsatz von 1 (+) Glutaminsaure ausgeubte Hemmung lassen sich 
also nicht ziehen. 

Aus TabeUe 8 geht hervor, dass I ( — ) Asparaginsmire in 0,00125- 
mol Konzentration die Ammoniakbildung im Nierenschnitt ungefahr 
ebensostark stimuliert, wie es von 1 (-}-) Glutaminsaure gleicher 
Konzentration gilt, sowie dass die Hemmungswirkimg der Benzoe- 
saure ungefahr ebensostark ist. 

Eine entsprechendo Beree. ong der Variation der von Benzoesaure auf die 
Desaminierung der 1 ( — ) Asparaginsaure aiisgeiibten Hemmungswirkimg 
ergibt, wenn die Variation der von der Benzoesaure auf die spontane Ammoniak- 
bildung ausgeubten Hemmung 40 — 60 % betragt, die Werte ± 1° % resp. 
± 10 % im einen und im andem Fall. 

Die HemmuTigsivirhung der Benzoesaure auf die Desamimerung 
der 1 ( — ) Asparaginsaure im Nierensehmtt diirfle also wie bei der 
1 (+) Glutaminsaure 50 % erheblich ubersteigen. 
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Im Leherschnitt iibt l(—) Asparaginsdurc im Gcgensatz zu 1 { + ) 
Glutaminsaure eine deutliclic Stimulation dor Ainmoniakbilduiig 
aus (Tabelle 9), welch letztere jedoch von Benzoosaurc nicht becin- 
flusst zu werden scheint (sicho auch Diagranini 8). Die in dor la- 
belle angegebene Hemmung licgt inncrhalb der Fehlergrcnzen der 
Versuche. 

Es ist denlcbar, dass eine im Lcbergavcbe statijindmde Bildung 
von Hippitrsanre aus Benzocsdurc den Grund dafiir darstcllto, dass 
die Benzoesaure hier kcine nacliweisbarc Giftwirkung auf die Am- 
moniakbUdung ausubt. Aus den fruhcrbcsprocbcncn '\’’crsuchcn 
(Tabelle 6) ging niimlich hervor, dass Hippursiiurc cine schwnchcrc 
Hemmungswirkung auf die Ammoniakbildung im Niercngewcbe 
ausubt als Benzoesaure, und nach Untersuchungcn von Borsook 
u. Dubnoff (1940) s 3 Tithetisiert die Battcnlcbcr Hippursiiure ra- 
scher als die Rattcnniere. Indcssen iibt auch die Hippursiiure cine 
deutliche Hemmungswirkung auf die spontano Ammoniakbildung 
im Nierengewebc aus, v’as dagegcn spricht, dass cine im Lebergewcbc 
vorsichgehende Syntheso von Hippursiiure aus Benzoesaure das 
Fehlen einer nachweisbaren Giftwirkung seitens der Benzocsiiure 
auf die Ammoniakbildung im Lebergewcbc geniigend crkltircn kbnne. 
Hierauf soil waiter unten noch zuriickgekoramcn iverdcn. 

Sowohl I { — ) Leucin als auch 1 ( — ) Prolin in 0,00l25.mol Kon* 
zentration stimulieren die Ammoniakbildung im Nicrcnsdinitl recht 
■R'enig (Tabelle 8). Bei diescr Aminosiiurekonzcntration trat bci den 
vorhergehenden Versuchen die Hemmungswirkung dor Benzoesaure 
besonders Idar zutage, aber da es sich bei den in Rede stehenden 
Versuchen um kleine Werte handelt, ist es schwiorig, die Starke dor 
vorhegenden Hemmung danach zu beurteilen. Es diirfte jedoch 
aus den Versuchen hervorgehen, dass die Bemoesdure in gewissem 
Umfang die Ammoniakbildung von 1 (— ) I^ucin und 1 ( — ) Prolin 
im Nierenschnitt hemmt. 

Im Leberschnitt (Tabelle 9) stimulieren / { — ) Leucin und 1 ( — ) 
Prolin die Ammoniakbildimg in ungcfiihr gleichem Ausmasse wie 
1 (— ) Asparaginsaure, aber ebenso wie es bei dieser Saure der Fall 
war, liegen auch hierkeine sicheren Anhaltspunkte dafiir vor, dass die 
Ammoniakbildung durch Benzoesaure beeinflusst werde. 

Aus den Versuchen scheint also herv'orzugehen, dass Benzoesaure 
auf die Desaminierung der untersuchten hAminosduren im Nicren- 
schmtt eine Hemmung ausubt. Hinsichtlich der 1 (-{-) Glutamin- 
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saure imd 1 ( — ) Asparaginsaure scheint diese Hemmung diejenige 
zu iibertreffen, die Benzoesaure von gleicher Konzentrafcion auf die 
spontane Ammoniakbildung im Nierenschnitt ausubt, wahrend wegen 
der UnvoUkommenbeit der Versuchsmethode betreffs 1 ( — ) Leucin 
nnd 1 ( — ) Prolin nichts Sicheres hieriiber ausgesagt werden kann. 
Da ausserdem nur einige Eeprasentanten der Aminosauren unter- 
sucbt wurden, kdnnen keine sicheren generellen Schlussfolgerungen 
gezogen werden, aber die Versuche sprechen dock dafiir, dass I- 
Aminosauren in ihrer Eigenschaft als Ammoniakspender im Nieren- 
gevebe besonders empfindltch gegen die Gifhoirhing der Benzoesaure sind. 

Dagegen konnte bei diesen Versuehen eine Hemmung der Desa- 
minicrung von l-Aminosauren im Lebergewebe ebensoirenig nach- 
gewiesen -werden vde eine Hemmung der spontunen Ammoniak- 
hildung in eben diesem Gewebe nachweisbar war. 

Der Einfluss der BenzoesHure auf dfe Desaminierung der d*AininosSuren. 

Es v-urden bereits (Scite 14 ff.) mehrere Urostiinde besprochen, die 
dafiir sprechen, dass auch d-Formen beim Aminosaurestoffweebsel 
im Organismus eine Rolle spielen kdnnen. Aus diesem Grande 
■nurde nun auch untereucht-, ivelchen Einfluss die Benzoesaure auf 
die Desaminierung von d-Aminosauren ausiibe, 

Dio frulior roferierton. Untersuchtingen von Klein u. Kamin (1941) handelten 
allcrdingg von der Hr.mmungsicirhurtg der Benzoesaure gerndo auj dns d-Amino- 
saureoxydascenzum, Dio Voreuclio waren mit gorcinigtem d-Aminosaure- 
oxydseenzym odor mit Rntten-Njoren- und Lober-Schnitterx ausgofuhrt vrorden. 
Dio Vcrfnsscr linbon aber boi ihron Vorsiichon nur den Snuorstoffvorbrnueh und 
nicht auch die Ammoniakbildung rogistriert. Dies durfte goniigen bei 
Versuehen mit geroinigtem hochspezifischem Enzym, aber bei Schnittver- 
suchen, bei denen viele andero funktionstaugliclio Enzyme vorhandon sind 
imd viele naturlicho Substrate vorkommen, roicht dies nicht aus, um Schluss- 
folgerungen ubor die Hommimgswirkung dor Benzoesaure auf den Abbau 
gcrado dor zugesotzten Aminosauren zu erlaubon. Die Versuchsorgebnisso, 
soweit BID auf Schnittversucho gegrundot sind, durften daher dislcutabel blei- 
ben; nach dem Bericht fiber meino cigonen Versuche werde ich darauf zuriick- 
kommen. 

Als Eeprasentanten fiir die d-Aminosiiuren wurden bei den Unter- 
suebungen d{ — )Alanin, d { — ) Valin und d{-V)PhenyIalanin verwendet. 
Die Versuche vairden. nicht mit den reinen d-Isoraeren, sondern mit 
den dl-Formen angestellt, da erstere nicht beigeschafft werden konn- 
ten. Dies diirfte jedoch keine grossere Rolle spielen, da die 1-Formen 
dieser Aminosauren in In -vitro- Versuehen mit Nierengewebe im 
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Verglcich zu den. d-Formen. m ausserordentlich geringeni jMasse 
abgebaut werden (Krebs 1933 a). Urn die Eesultate besser zu 
sichem, wurden jedoch Extraktversuche mit den gleichen Amino- 
sauren angesteUt. Hierbei Avird namlich die I-Komponente, Avie 
schon auf Seite IS erA^^ahnfc, nicht abgebaut, da ihr Enzym schon 
vorher, Avahrend der Extraktbereitung, zerstort Avird. 

Aus Tabelle 8 geht hervor, dass d(— )Alanin bei Versuchen mit 
Nierenachnitt die Ammoniakbildung kraftig stimuliert. d( — ) Valin 
und d{+)Phenylalanin stimulieren nicht ebensolcraftig, aber doch 
noch geniigend, um zuverlassige Schlussfolgerungen> zuzulassen. 
Aus den Versuchen geht hervor, dass Benzoesaure bei einer ange- 
nommenen 50 %-igen Hemmung auf die spontane Ammoniakbildung, 
die Desaminierung aller drei Aminosauren fast total hemmt. 

Eine Variation, der Hemmung der spontanen Ammoniakbildung zwisohen 40 
und 60 % beeinflusst die Hemmungswirkung der Benzoesaure auf die Desn- 
minierung von d ( — ) Alanin von O,000625-mol Konzentration um i 8 resp. 
± 14 %, von a ( — ) Valin Amn 0,uol25-inol resp. 0,000625-mol Konzentration 
um i 14 resp. i 21 % und von d (+) Phenylnlanin A’on 0,ooi25-mol Kon- 
zentration um ±13 resp. ± 21 %. 

Die Benzoesaure diirfte also im Nierenschnitt die Desaminierung 
aller der drei d-Aminosduren mehr hemmen ah sic die spontane 
Ammoniakbildung hemmt. 

Die Starke Hemmungsivirkung der Benzoesaure zeigt sich aueh 
bei NierenextraktYevsuchen. Aus Diagramm 16 Avie aus Tabelle 
8 geht ihre Wirkung auf d( — )Alanin hervor. Auf Diagramm 16 
steht die spontane Ammoniakbildung auf dem gleichen Niveau Avie 
die von d( — ^)Alanin stimulierte und zugleich dimch Benzoesaure 
gehemmte. Dies zeigt also, dass die Hemmungswirkung der Benzoe- 
saure auf die durch d( — )Alanin stimulierte Ammoniakbildung AA'iih- 
rend der ganzen Versuchsdauer gleich intensiv ist. Die Werte in 
Tabelle 8, die sich ausschliesslich auf die Menge des nach 1% std 
Versuchsdauer gebildeten Ammoniaks beziehen, zeigen ebenfalls, 
dass diese Hemmung so gut wie total ist. Aus Tabelle 8 geht 
femer hervor, dass Benzoesaure in Nierenextraktversuchen eine 
gleichstarke Hemmung auf die Desaminierung von d( — )Valin und 
)Bhenylalanin ausiibt. Die VersucJie mit Niereneodrakt besta- 
tigen also die Resultato der Versuche mit Nierenschnitten. 

Im Leberschnitt gelingt es, im Gegensatz zu dem, Avas fiir 1- Amino- 
sauren gilt, durch d-Aminosauren eine kraftige Stimulation der 
Ammoniakbildung zu beAvirken (Tabelle 9). Dies zeigt sich an alien 
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drei untersuchten d-Aminosauren. Dagegen lassen sioh sicbere 
Anhaltepunktc dafiir, dass Benzoesaure die Desaminierung der 
d-Aminosauren hemme, ebensowenig finden, Avio es bei den 1-Amino- 
sauren der Fall war. 

Die Versuehe mit Leberextrakt, im Gegensatz zu denen mit Leber- 
schnitten, zeigen, dass Benzoesaure die Besatninierung der zugesetzhn 
d-Aminosauren sfaric hemmt (Tabelle 9). Dies spricht dafur, dass das 
Lebergen-ebe, solange seine Zellen, vrie es bei den Schnittversueben 
der Fall ist, weniger geschiidigt sind, eine Moglichkeit hat, die 
Heramung der Benzoesaure auf den Aminosaureabbau zu entgiften. 
Diese Fabigkeit scheint aber durch die Bebandlung, der die Zellen bei 
der Extraktbereitung ausgesetzt werden, zu verschwinden, weshalb 
sich dann die Hemmungsivirkung der Benzoesaure geltend machen 
kann. Wie bereits gcsngt, licgt es nahe, zu vermuten, dass die 
Entgijiung attf eincr BUdttng von Hippursdvre aus Benzoesaure 
beruJie. Audi die Bildung von Hippurstiure setzt das Vorhandensein 
intakter Zellen voraus und findet bei Ratten, wie gesagt, in der 
Leber rascher als in der Niere statt, uie Boesook u. Dubkoff 
(1940) gczeigt haben. Diese Forschcr haben die Angabe von Waelsch 
u. Buszriy (1937), dass Hippursauresynthese aucb bei Extrakt- 
versueben stattfinden konne, nicht verifizieren kdnnen. 

Es zeigt sich aber, dass Hippursaure bei LeherextraHversuchen 
zwar ansebeinend eine etwas schwiichere HemmungsAvirkung auf die 
Desaminierung A'on d( — )Alanin ausiibt als die Benzoesaure (Tabelle 
9), was also darauf deuten konnte, dass Hippurstiure aucb im Leberge- 
Avebe weniger giftig wiire als Benzoesaure. Anderseits scheint sie aber 
aucb bier nicht indifferent zu sein, weshalb das eben Gesagte keine 
geniigende Erklaning dafiir bieton diirfte, dass die Benzoesaure die 
Ammoniakbildung im Lebergewebe nicht hemmt. Hierzu kommt, 
dass nicht bloss Benzoesaure, sondern auch die meisten untersuchten 
Phenjdderivate (Tabelle 6 und 7) im Gegensatz zu dem, was fiir das 
Nierengewebe gilt, eine AA'esentlieli geringere oder garkeine Hem- 
mungsuirkung auf die spontane Ammoniakbildung im Lebergewebe 
ausiibten. Dies gilt auch fiir Stoffe, die nicht in gleichem Umfang 
Avie Benzoesaure mit Glykokoll hippursaureahnliche Verbindungen 
eingehen diirften, z. B. fiir die orthosubstituierten Benzoesauren 
(Quick 1932). Es scheint also ein ganz oder teilAveise anderer 
Mechanisraus zu sein, der die Giftivirkung von Benzoesaure und 
nahverAvandten Stoffen im LebergeAA'ebe aufhebt. 
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Angeregt durch Untcrsuchungen von Ekman (1042) iiher die 
Enigiitung zijklischcr Verbindungcn durch /Uccrhtnsaurc «-urdcn 
einige Versuche angcstellt, um zn erfahrcn, ob die HcmnntngHwirkung 
der Benzoesaurc im Nicrengewebe durch die? Anwesenheit von Ascor- 
binsaure beeinflusst wrd. 

Dio Voreuclie wurden *nit Kicrcnflclinitton anpeJitolll, woljci der Stoffwechsel, 
um vor nllom fiir die Atnmoninkhildung pr6s.-.cro WVrte imd hierdurrli ziivcr- 
Ifissigoro Resultato zii bekommen, durcli 1 (+) Gliitamirisruiro fitimulierl worden 
war. Die Konzontrntionon voti BenzooRrmre iind ABCorbiripAure wnrticn vnriicrt. 
jedoch in oinem stundigen gcgonscitigcn VorliRUnin von 1 so 8. Be; dieser 
Proportion orroicht Ekman bci In-v>tro-Vcn»«cben init RnlicylaiVure eine Urn- 
■vvnndliing von cn. C5 % dicscr Sfture. wi'ilrrcnd bei pnVRerer A-RcorbiwuVtre- 
mongo nur oino nnbodcutonde ErhoJmng dor Urnwondlunp von Snlicylnilurt: 
crhollen vrird. 


TABELLE 10. 

Der Einfhss der Benzoesaurc avf den Snttersfojfrcrhrciuch und die 
Ammoniakbildung im Nicrcrischnill hei nnd dhne Amresenheit tvn 
Ascorbinsanre. StoffivcchscI mit I (d-) GJulaminsdure t’on f),o02S 

mol Konc. sHmulierl. 




S.nurntoUvcrbrsuch 

Ammonlakblldunit i 

AscorblnsHarc- 

konc. 

Bcnrocs.'itirc- 

konc. 

HcmmiiriR In % 

ncmmiins In % | 

Jfo)/l 

Mol/I 

olinr 

Ajcorliln- 

dfinre 

mil 

d.'inrc 

ohne 

Ascorbln- 

d.^iirc 

[ mil ( 

! .VdcotWn- 1 
! »5iirf j 

0.1 

0,0125 

32 

H) 

411 

1 40 i 


0,00025 

•21 

5 

42 

' 42 


0,00312 

•*> 

12 

32 

1 30 


0,001.50 

3 

4 

27 \ ‘20 1 


Aus der Tabelle ergibt sich nnpchcinend, dnsa die Hemmung des 
Sauerstoffverbrauchs bei Anwesenlieit. von ABcorbinsuuro ■weniger 
ausgesprochen ist als ohne sic. Die Hemmung der Ammoniakbildung 
dagegea scheint in beiden Fallen die gleiche zu sein. Es ist somit 
denkbar, dass die Verbrennung der Ascorbinsiiure die dutch die 
Benzoesaure hervorgerufene Hemmung anderer Oxydationsprozessc 
maskiere, weswegen der Saiierstoffverbrauch bei Ycrsuchen m i t 
Ascorbinsaure nieht so stark reduziert "W’urde "'vio bei Yersiichcn 
ohne Anwesenheit dieser Saure. 

Aus der Tabelle ergibt sich auch, dass bei Annahme einer dutch 
die Einwirkung von Ascorbinsaure hervorgernfenen Hedtizierung 
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der Benzoesaure um 60 — 70 % die iibrige Menge Benzoesaure doch 
gross genug ist, um eine Hemmung der Ammoniakbilduug zu be- 
u-irken, die sich ihrer Starke nach nicbt deutlich von derjenigen 
unterscheidet, die durch die unverandert gebliebene Benzoesaure- 
menge in den entsprechenden Parallelversuchen verursacht Avird, 
veshalb die Versuche nicbt ausschliessen, dass eine Umwandlung 
von Benzoesaure durch Einwirkxmg der Ascorbinsaure vorliegt. 

Aus den Untersuchxmgen mit d-Aminosauren scheint also hervor- 
ziigehen, dass Benzoesaure, ebenso we im Falle der I-Aminosauren, 
eine sldrhere Hemmumg auf die Desaminierung der d-Aminosd%iren 
ausiibt als auf die sponiane Ammoniakbildung im Nierengewebe. 
Weiterhin ist es von Interesse, dass diese Hemmungsicirkung der 
Benzoesaure offenbar unter gewissen Voraussetzungen auch im Le- 
bergeicebe in Erscheinung tritt, obgleich sie dort normal blockiert 
zu werden scheint. 

Kixisr und KIamik (1941) haben in der auf Seite 11 envahnten. Arbeit u. a. 
die Hemmungswirkung der Benzoesaure auf den Abbau von d ( — ) Alanin im 
Leberscbnitt \mtersucht. Sie fanden dabei, dass die gesamte Mehrung des 
Sauerstoffverbrauchs uber den Spontanwert hinaus, die durch die Verbrennung 
des d ( — ) Alanins verursacht "wird, bei Anvresenheit von Benzoessme unterblieb. 
Daraus schlossen sie, dass Benzoesaure die Verbrennung des d ( — ) Alanins 
im Leberschnitt hemme wie bei Extraktversuchen und bei Versuchen mit 
gereinigtem d-Aminosaureoxydaseenzym. Meine Versuche, die ja Ammo- 
niakbestimmungon mitumfassten, haben indessen gezeigt, dass der Abbau 
des d ( — ) Alanins im Leberschnitt wahrscheinlich nicht gehemmt wird, vohl 
aber im Leberextrakt. In fruher beschriebenen Versuchen (Tabelle 7) ■\rurde 
auch gezeigt, dass Benzoesaure den' spontanen Sauerstoffverbrauch im Leber- 
schnitt hemmt, imd dieser durfte es auch sein, der in den Versuchen von Ktmy 
u. Kamik gehemmt wird, nicht aber der Abbau des d ( — ) Alanins. 

Der Einfluss der Benzoesaure auf andere ammoniakbildende Prozesse. 

Versuche mit Nierenextrakt zeigen, dass weder Benzoesaure noch 
Mandelsaure eine Hemmxmg auf die spontane Ammoniakbildung 
ausiiben, die im Extrakt vorsichgeht (Diagramme 12, 13, 16), 
dies im Gegensatz zu den Verhaltnissen bei der spontanen Ammoniak- 
bildung im Nierenscbnitt. Auch im Lceberextrakt iibt Benzoesaure 
keine Hemmung auf die spontane Ammoniakbildung aus (Diagramm 
17 und Tabelle 5); femer konnte im Leberscbmtt nicht mit Sicherbeit 
eine solche Hemmimg nacbgewiesen werden (Diagramm 6 und 
Tabelle 7). 

In Anbetracht dieser ungleichen Wirkung der Benzoesaure im 
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Nierenschnitt und im Nierenextrakt liegt die bereits auf Seite 48 
geausserteVermutung nahe, das im. Nierenschnitt entstehende Ammoniak 
sei nicht ausschliesslich gleichen Ursprungs wie das im Nierenextrakt 
entstehende. Dies wird auch wahrscheinlich, wenn man bedenkt, dass 
1-Aminosauren in Extraktversuchen nicht abgebaut Averden, imd 
dass ein Abbau von d-Aminosauren unter naturlichen Verhaltnissen 
in normalem Gewebe nicht nachgeAviesen ist, Vermutlich stammt 
also das Ammoniak, das in Extrakten entsteht, von anderen 
Spendern als Aminosanren, Avahrend das Ammoniak im 8chnitt 
teils von Aminosanren, teils von den anderen Spendern stammt. 
Wahrscheinlich sind es diese letzteren, die bei Nierenschnitt- 
versuchen dazu beitragen, dass die von der Benzoesaure auf die 
Ammoniakbildung ausgeiibte Hemmung auch bei sehr starker 
Konzentration des Stoffes (0,1 Mol/1; Tabelle 13) nie total AAurd, 
denn nach den Versuchen, die mit Nierenscbnitten unter Zusatz 
verschiedener Aminosauren angestellt Avurden, diirfte Benzoe.saure 
von so starker Konzentration die Aminosauredesaminierung ganz 
gehemmt haben. Bei der Ammoniakbildung bei ExtraktA'ersuchen 
sind somit Avahrscheinlich andere Enzymsysteme als die amino- 
sauredesaminierenden Avirksam, und diese anderen scheinen im 
Gegensatz zu letzteren von Benzoesaure nicht beeinflusst zu AA'erden. 

Die hier verAA'endete Versuchsmethode erlaubt es nicht, die betref- 
fenden Ammoniakspender im Nieren- und Leber-GeAvebe zu identi- 
fizieren. Dass es aber ausser den Aminosauren noch eine Anzahl 
von Stoffen gibt, die in Nieren- und Leber-GeAA’ebe Ammoniak 
bilden konnen, AAUirde auf Seite 20 ff. bereits besprochen. 

Desaminierung von Muskeladenj’^lsiiure. 

Unter den Stoffen, die Ammoniak abgeben konnen, scheint Mus- 
keladenylsaure einer von denen zu sein, die an der Ammoniakbildung 
im KierengeAvebe teilnehmen. Da die HemmungsAAdrkung der Ben- 
zoesaure im NierengCAvebe deutlicher in Erscheinung tritt als im 
Lebergewebe und deshalb dort auch eingehender untersucht AA’erden 
kann, Arorde in erster Linie Muskeladenylsaure zum Gegenstand 
der Untersuchung gemacht. 

Versuche mit 3Inskeladenylsaure zeigen, dass diese sich in A’er- 
schiedener Hinsicht verhalt ivie diejenigen Stoffe im Nieren- nnd 
Leier-Extrakt, die spontan Ammoniak abgeben. Die Ahnlichkeit 
besteht teils in einer gleichartigen Kinetik der Ammoniakbildung, 
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Diiigramm 16. Spo7ita7Ui Ammoniakhildung im Nierenextrahl bei l‘/.stundiger 
Versuchsduuor mifc und ohno Benzoes&ure in 0,025-mol Losung. Dor 
apontane Sauerstoffvorbrauch -wahrend der Versuchszeit betrug ca. 40 
mm^. Auf dieson ubte Benzoeaaure eine Hemmung von on. 26 % nus. 


Ohno Benzoesauro # # 

mit ■> O O 



Diagramm 10. Ammoniakhildung im Nierenextrakt bei l^/jStiindiger Verauchs- 
dauer mifc dl-Alanin von O,00i25-mol Konzenfcration, mifc xmd ohno 
Benzoesauro von 0,025-mol Konz. in der Versuchslosimg. Die apontane 
Ammoniakhildung wahrend des Verauches iat angegeben. Der Sauerstoff- 
verbrauch wahrend der Versuohszeit betrug bei Ariwesenheit von Alanin 
und Abwesenheifc von Benzoeaaure ca. 70 mm^. Benzoesauro ubte auf 
den Saueratoffverbrauoh eine Hemraimg von ca. 35 % aus. 


Spontane Ammoniakhildung #— ■ • 

ilinmoniakbildung mit Alanin -I f- 


» » 0 und Benzoeaaure . . O O 
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Diagramm 17. Spontane Ammoniahbildwig im Lcbcnxtralt boi l‘/jStfmdigor 
Versuchsdauer mit und olmo Bonzocsauro in O.oes-mol LSsung. Dor epon- 
tano Sauorstofiverbrauch -walirend dcr Vereuchszoit bctrug ca. 100 mm*. 
Auf dieson iibto BonzoesBure cine Hemmung von ca. ii % nu'i. 

Ohno Bonzocsauro • • 

mit » O O 



Diagramm 18. Ammoniakbildting im Lebercxlrakt boi l*/jStundigor Vcrsuchs- 
zeit mit dl-Alanin von O,00i26-mol Konzontration in dor VersuchslOsung, 
mit und ohno Benzoesauro in 0,026.mol Losung. Dio spontano Am- 
moniakbildimg wahrend des Vorsuches ist angegobon. Dor Sauerstoffver- 
brauch wahrond dor Vorsuchazoit botrug boi Anwesonheit von Alanin xmd 
Abwesenhoit von Bonzocsauro ca. 06 mm®. Lotztore dbte cino Hemmung 
von ca. 10 % auf don Sauorstoffvorbrauch aua. 


Spontane Ammoniakbildung • • 

Ammoniakbildimg mit Alanin 


* » und Benzoesauro . . O O 
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Diagramm 19. Ammoniakbildung im Nicrenextrakthei IViStundiger Versuchs- 
dauer mit Mmkeladenylsaure von 0,00031 2-mol Konzentration in der 
Versuchslosung, rait und ohne Benzoesaure in 0,025-niol Losung. Das 
JIass der spontanen Ammoniakbildung am Ende der Versuchszeit ist an- 
gegeben. Der Sauerstoffverbrauch mit Muskeladenylsaure, aber ohne 
Benzoesaure, betrug bloss ca. 25 mm® vahrend der Versuchszeit, weshalb 
hieruber keino Schlussfolgerungen gezogen verden Jconnen. 

Ohne Benzoesaure d h 

mit » O O 
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Diagramm 20. Ammoniakbildung im Nierenextrakt bei I'VzStunchg^ 

zeit mit Muskeladenylsaure von 0,000312-moI Konzen ra lo 
Alanin von O,0025-mol Konzentration in der Vei^c 
ohne Benzoesaure in 0,025-mol Losimg. Das Ma^ j^vlsaure resp. 
am Ende der Vei^chszeit bei An'ff'esenheit von Mus -o+^ffverbrauch 
Alanin je ohne Benzoesaure ist angegeben. Der Alanin aber 

■wahrend der Versuchszeit betrug mit Muskeladenylsaure ziehen 

ohne Benzoesaure nur ca. 25 mm®, veshalb sich hier keme Sohlusse ziehen 

lassen. _ 


ATr\Trt/%niQtr'Ksl/1itnrr 


80 


}jnu:KU hi:unj:»‘. 


<«ils in dem Vcrmogni, liiiiHiclitlif'h ilirpr Ainnionifikpn.diiktion 
Hemvmngsmrkung (hr Bnizornihirr zu mdrrrlrhcrt. 

Die Kpontnne Ainnioniakbildnnjr ttcheint in Nirren- nnd lydK-r- 
Extrnkt-Vorsuolien viol rn-sehcr vor f<ich 7.n celien nU in SrlmtU* 
versnchcn (Diftgranvnic 2. 0, In. 17). Ki>Mi«o ra«ch 
Ammoniakbildung im Niorcno.vtmkt .•.•tattnifinden. wcnn 
durch jru.skclndcnylsiiiire ^timnlicrt nird (Di-n-rmnim 10): in 
dem dort rcproduzierton Venijicb wird die Munkelnd'-nyDaun' zu 
cn. 70 % nbpcbftut. Dagegen .•^clu-int <li<' Anunoniakbildiing 
etwns vcrzbgcrt 7.n 'vvcrdon, %venn Nifreiu-xtrakt dnreb cinr’ Aminn- 
siiwre stimnlicrt xvird (Diagramme 10 und 20). Kijien iioch inebr in 
die Liingc gezogonon Vorlatif bekommt die Ainnioniakbildung in 
einem Vcrsuch mil ^Ticrcnsebnitt, dor durch <-ine Arninn-.,tiirc ttirnu- 
licrt wird (Dingrnnnn 4). Die Vcrsticfie n!-/) daftlr, da^.'- 

mnn durch Stimidation von Niercnextrakt mil Mii-'kelfulf nvDhnre 
oinc Pointicning dc.s Ty[)us dcr j^pontanen Ainmnni.nkbildnng ini 
Nicrcncxtrnkt crhillt, durch die Stimulation von Nit'n n«<*hnitt mit 
einer Aminostiuro jcdoch cine cnt^prechf-nde I’ointicning di'-i 
Clinrnktoristi.'^clicn nn dcr Aminoniakbildung im Niercn^chnitt. 
Die Amiuosnurcn diirfton nho im yti'rrn^rhnitl, ^Jufl-rhvhr.til- 
sdurc im Nicrotcxiraki rharahtcrhlhchf Arninuniahjymhr ,>.vin. 

Die nnderc Ahnlichkoit /.ui^chen dcr f>'j)ontancn Amtnoniakbildting 
im Nieren- und Ix'ber-Extrakt und dcr durch Mu‘:k<'1aden3*i-«iure 
slimulierten Ammoniakbildung im Nicrcn- und l..»'lHT-th'Avcl>c 
dnss beide von Bcnr.oejjiiure nicht gchemmt vverdcn {Diagnvminc 19, 
20; Tabellen 11, 12). 

Au.s Diagranini 19 gcht hcrvor, dnics die von Mu^kcladenyKHurc 
stimulierte Ammoniakbildung im Xierenextrakt von Bcnr.wi^Hure 
nicht becinflusst u-ird, wiihrond die Ammoniakbildung au-? d( — 
nin, da.s nebcn MuskclndenyDiiure die Ammoniakbilduns: in einem 
andern Vcrsuch stimnlicrt (Dingramm 20), gehemmt r.u verden 
scheint. Aus Tabello 11 ergibt sieh die kniftigc Sdmitlirning der 
Ammomakbildung in sowohl yicrcnschniil- als yicren-Exirali- 
Versuchen durch Afvskcladensi/lsaurc, ciner Ammoniakbildung, die 
durch Bcnzoesdurc nicht gchcmmt avird. 

Es wirict nuf dna Kc-aiiUnt nicht nenncnswert cln, wotm die durch Bcntoe-tAure 
niisgcubto Hcmmung dcr spontanon Aminonitthbildont; in den Vcrsnichcn mit 
Is ierenschnitt nicht, \Wo in Tnbcllo 11 dcr Bcrccliinmg zu Gnindc gclcgt, 50 
botragt, sondom nn nndcrer Stollo zwischen -10 imd GO '’o liept. 
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TABELLE 11. 


Einwirkung von Benzoesaure in 0,025-mol Loaung auf die Ammo- 
niahhildung aus Mmheladenylsaure, dl-Asparagin und dl-Asparagin- 

sdure im jNierengewebe. 


Gewebe 

tind 

SubStrat 

Snbstrat- 

Kon*. 

Mol/1 

Ammonlak-- 
blldung 
in mg 

Stlmu- 
licning 
In % 

Mittcl- 

wert 

Ammoniak- 
blldung mit 
Substrat 
und 

Benzoe- 
eSure 
in mg 

Hemmung 
(— ) reap. 
Stlmnlle- 
rung(-f-)der 
Substrat- 
atlmulle- 
rung durch 
Benzoe- 
BSure In % 

Mlttel- 

wert 

spontan 

mit 

Sub* 

strat 

1 

2 

b 

4 

6 

6 

7 

8 

9 

Nieremchnitt 


■ 







Adenylsaure 

0,01 

HI 


192 


0,070 

+ 26 

) 


0,01 



204 

}• 203 

0,064 

+ 18 

^19 


0,01 

0,021 


214 

1 

0,061 

+ 12 

) 


0,0025 

0,018 


289 


0,065 

+ 8 



0,000625 

0,023 

0,041 

78 

1 81 

0,081 

+ 8 



0,000625 

0,019 

0,035 

84 

/ 

0,028 

+ 16 


Nierenextrakt 









Adenyls5xire 

0,000625 

0,012 

0,033 

176 

1 140 

0,032 

—5 

1-2 


0,000625 

0,018 

0,037 

106 


0,037 

0 

( 

Niercnschnitt 









Asparagin 

0,01 

0,014 

0,044 

214 


0,026 

—37 


Asparaginsauro 

0,01 


0,054 

286 


0,016 

—78 


Asparagin 

0,00125 


0,026 

30 

1 

0,017 

+ 17 

\ 


0,00125 


0,036 

24 

y 33 

0,024 

+ 36 

>+18 


0,00125 


0,026 

44 

) 

0,017 

0 

J 

Asparaginsauro 

0,00125 

0,020 

0,033 

66 

1 

0,016 

—64 

1 


0,00125 

0,029 

0,039 

34 

V 63 

0,015 

—95 

>—79 


0,00125 

0,018 

0,034 

89 

1 

0,011 

—88 

) 

Niereneztral't 









Asparagin 

0,01 

0,008 

0,023 

188 


0,023 

0 


Asparaginsauro 

0,01 

0,008 

0,008 

0 


0,007 

— 


Asparagin 

0,0025 

0,013 

0,017 

31 


0,016 

— 25 


Asparaginsauro 

0,0025 

0,018 

0,016 

23 


0,014 

—67 


Asparagin 

0,000625 

0,009 

0,012 

33 


0,012 

0 


Asparaginsauro 

0,000625 

0,009 

0,010 

11 


0,008 




6 


























BlRGrK llERKKr. 


TABKLLK 12. 

EinxnrJrj'r.g tx)r, BcnzO‘-faure I'r G,f2S-rr.r4 nvf die Amr\n^ 

vtal'bUdur.p aus AI-A*J>7m§iTi und 'dhAi‘t>rrarnr.- 

saure, Bcnzarnid, AcdTs-Atd V''d / { — } IfifttdiK in 


CTi i 

Sc'wtTit 


Kctij. 

?to' 1 


Ar::*rcr!iV i 
Xm^TZ ' 
H rr 


j-ij 

5"*'» 

*trtt 


: 1 


! 5 

* 4 J 

; 

} 

* •« iU 





.Adenv’^Suro 

' O.M 

O.eir 

0 ,CS 2 


. 

• O.ci 

C.rtt 

o.c:? 

< 4 

{ 

> 

0.-23 

0 .* 2 S 

3? 

Adcnvl=uure 

! O.oi 

0.0 21 

^ i J 

lo:* 


0.0 ''25 

0.O2? 

o.r jr 

14 

X-f *» iti 

Aspsrcnn 

. O.oi 

0.030 

O.on , 

344 

AsTjararlnjC.uro 

O.oi 

O.Mf 

0 .C 2 ' 

C-2 

AsT>.\rarIn 

0.O012S 

O.C 2 « 

0 ^ 5 r 

lire* 


0,00125 

0,03? 

ortr 

147 

Asparasrlnsaurc 

0.003 25 

O.rri 

O.r:: 



0,003 2:. 

O.C'ie 

0 erf 


Asparagia 


0 ,r.;r 

0 .O 12 

2 C* 

Asparaginsauro 

O.OPOfjj 

0,030 _ 

O. 03 O 

0 


Ar'*- 
i^rjr r 

-c*^* 

t* '-s 

Tw'i? 

i;: r r 


-ir. •} 

I 

-II 


53 i ..V. 

■II i 


:> }- 


Aspar^urm 

Asp&raginsaure .. 

Asparagin 

'AsparagtnsSure .. 
Benzamid 


Bfjnzamid ^ 

^{gt'ierarat jnlt Sali- 
cylsSure von glej-. 
j cher iConz..) 
Ac^tamid ‘ 

1 

*1 ( — ) Histidin 


0,C'’25 

0,l>25 

O.o;? 

IS’ 


0.''T£ 

— -fl 

O.f 025 

0,^ 2 

0.! 22 

14 

\ 


J* 1* 

O.C?3 25 

C'.e«c 


05 


O.f Jf 

-~n 

0,0 '>3 25 

o.cr > 

0,0 22 

10 


0.0*$ 

~-:^i 

0,0025 

, O,C.20 

0,C5« . 

K*0 


0,C5 4 

“-'S3* 

0,C''25 

0.03 S 

0,041 

les 

} 114 

0,0 5- 

— 5S 

0,0023 

0.025 . 
1 

0,C«T 

?S 


0,0 or 

— A.:. 


O.f.ofj o,OSf Ci,r-<T ^ Sft J 

O.op'j o.pss 0,r4?’ ss j 

0,0025 O.OSS 0.1 Tf S63 I 


0,0025 


0,f>5S 0,105 170 


- 5*3 f 

:: }- 
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Im LeherscTinitt uni LeberextraH "wird die Ammoniakbildung durch 
Muskeladenylsaure nicht so kraftig stimuliert (Tabelle 12). Auch 
bei diesen Versuchen iibt Benzoesaure Tceine Hemmung auf die Ammo- 
niakbildung aus. Es isfc von besonderem Interesse, dass die Benzoe- 
saure in Leberextrakt- Versuchen keine Hemmung auf die Ammo- 
niakbildung aus Muskeladenylsaure ausiibt; denn in Versuchen mit 
d-Aminosauren zeigte sich, dass Benzoesaure bei entsprechenden 
Versuchen die Fahigkeit hatte, die Ammoniakbildung zu hemmen. 

Desamidierung von Asparagin. 

Dass Asparagin und Glutamin als Ammoniakspender im Nieren- 
tuid Leber-Gewebe auftreten kdimen, wurde bereits auf Seite 20 
besprochen. 

Die Versuche ■vvurden mit Asparagin gemacht. Die Ergebnisse 
sind schu'erer zu deuten als die der friiheren Versuche, da es denk- 
bar ist, dass Ammoniak sowohl aus der Amino- als auch aus der 
Amidgruppe gebUdet %nirde. Dm ein sichereres Resultat zu errei- 
chen, wirden deshalb in jeder Versuchsserie einzelne Versuche mit 
sowohl dl-Asparagtn als auch dl-Asparaginsaure von gleicher Kon- 
zentration angestellt. Durch einen Vergleich der Ammoniakbildung 
aus den beiden Stoffen je fiir sich, ist es leichter, eine Vorstellung 
davon zu bekommen, woher das vom Asparagin abgegebene Ammo- 
niak stammt, und vie die Benzoesarue auf das betreffende Enzym- 
system einwirkt. 

Die Ergebnisse finden sich in Tabelle 11 und 12, Es zeigtsich, dass 
Asparagin die Ammoniakbildung im Nierenschnitt recht kraftig stimu- 
liert, dass aber Asparaginsaure sie anscheinend noch etwas kraftiger 
stimuliert. Benzoesaure hemmt die von starker konzentriertem Aspa- 
ragin stimulierte Ammoniakbildung, beeinflusst aber die Ammoniak- 
bildung nicht sicher, wenn das Asparagin in schwacherer Konzentra- 
tion vorliegt. Im Gegensatz hierzu wd Asparaginsaure in den xmter- 
suchten Konzentrationen in ihrer Ammoniakbildung kraftig ge- 
hemmt, was auch durch friihere Versuche schon gezeigt worden 
war (Seite 69). 

Die Erklarung hierfiir kbnnte darin zu sehen sein, dass das Aspara- 
gin bei starkerer Honzentration in gewissem Umfang desaminiert 
wird, und dass dieser Prozess im Gegensatz zur Ammoniakbildung 
aus der Amidgruppe gegen Benzoesaure empfindlich sein diirfte. 
Fur die Richtigkeit dieser Erklarung ist Voraussetzung, dass die 
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Amidgruppe des AwparaginB seine Desaminierung in grossem Um- 
fang hemmt. Dafiir, dass dom wirklich so sei, spricht auch, dass 
das Asparagin eine geringere Mongo Ammoniaks abgibt als Aspara- 
ginsaure von gleicher Konzentration, obgleich es sovvohl eine Amid- 
als auch eine Amino-Gruppo enthalt. Es wiirdc also eine Art von 
Konkurrenzhemmung vorliegen. 

Auch hier wirkt os nicht wesontlich nuf tlio Frugo dor Hichtigkoit dor ol)oii 
gezogenon Folgorungon oin, wcnn boi don IsioronschnittvorBiichcn dio von 
BenzooB&ure auf dio spontnno Ammoninkbildnng ftusgefd>to Hemmnng niclit, 
wio dor Borochnung in Tabollo 11 zugnmdogolcgt ist, 50 %ig ist, fiondoni nn 
irgond einer Stello zwischon 40 und 00 % Hcgt. 

Die Versuche mit Nierenextrakt scheinen zu vcrifizieren, dass das 
Nierengewebe Asparagin desamidieren kann, denn die Aminogruppe 
der dl-Asparaginsaure wird bei Extraktversuchen in sehr geringem 
Grade desaminiert, da die d-Komponente bei In-vitro-Vcrsnchcn 
iiberhaupt in sehr geringem Masse, und dio I-Komponente bei Kx- 
traktversuchen nur wenig abgebaut wird. In Analogic hiezu ist es 
•wahrscheinlich, dass bei Extraktversuchen auch die Aminogruppe 
des Asparagins nicht desaminiert wird. Benzoesdure acheint, tcie 
bei Nierenachnitlverauchen, die Deaamidiening des Asjxiragins nirht 
zu hemmen. 

In Leberschnittverauchen scheint, wic zu crwartcn, weder die durch 
Asparagin noch dio durch Asparnginsiiure stimulierte Ammoniak- 
bildung gehemmt zu werden. Auch bei Leberextraktverauchen wird 
die von Asparagin herruhrende. Ammoniakbildung nicht gehemmt, wns, 
wie die entsprechende Erscheinungbeiden VersuchenmitMuskeladc- 
nylsaure, von Interesse ist, da Benzoesiiure die Desaminierung der- 
jenigen Aminosauren hemmt, die die Ammoniakbildung im Leber- 
extrakt stimulieren. 

Es w&re zu erwarten gewesen, dass die Benzoesiiure die Desami- 
nierung der d-Komponente der dl-Asparaginsaurc gehemmt hatte, 
aber, wie oben ge&agt, wird sie bei In-vitro-Versuchen in sehr ge- 
ringem Masse abgebaut. 

\ 

Desamidierung von Benzamid und Acetamid. 

Im Hhiblick auf die E&higkeit des Organismus auch einfacho 
Amide zu desamidieren (Seite 21) war es von Interesse, die Empfind- 
lichkeit dieser Prozesse gegen Benzoesaure ebenfalls zu studieren. 
Die Versuche wurden nicht in Leberschnitten gemacht, da die 
Hemmungswirkung der Benzoesiiure hier nicht in Erscheinung tritt, 
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sondern in Leberextrakt, wo Benzoesanre die Desaminierung der 
d-Aminosauren stark beeinilusst. Als Substrat wurde Benzamid 
und Acetamid verwendet. 

Die Besultate finden sicb auf Tabelle 12. Sie zeigen, dass Benz- 
amid die Ammoniakbildung kraftig mebrt, wahrend Acetamid 
erne schwachere Wirknng ausubt. Die Desamidierung des Benzamids 
wird, wie die Desaminierung des d( — )Alanms in entsprechenden 
Versuchen (Tabelle 9), von Benzoeaaure und auch. von Salicylsdure 
ungefahr gleichstark gehemmt. In Anbetracbt der sehr ahnlichen Kon- 
stitution der Benzoesaure und des Benzamids ist es denkbar, dass eine 
Konkurrenzhemmung der Enzymtatigkeit vorliegt. Da aber auch 
Salicylsaure die Desamidierung hemmt, nnd da auch die Desami- 
dierung von Aceiamid dutch Benzoesaure gehemmt zu werden scheint, 
kann man vermuten, dass die Hemmungswirkung der Benzoesaure 
von mehr genereller Art sei. Dies ist bemerkenswert, weil die 
Desamidierung des Aminosaureamids Asparagin durch Benzoesaure 
anscheinend nicht beeinflusst wurde. 

Ammoniakbildung aus der Imidazolgruppe 

des Histidihs. 

Im vorhergehenden (Seite 22) warden Griinde angegeben fur eine 
Untersuchung des Einflusses der Benzoesaure auch auf die Ammo- 
niakbildung, die der Imidazolgruppe des 1 { — ) Histidins entstammt, 
und die durch Histidase vermittelt wird. 

Die Versuche, die mit Leberextrakt gemacht wurden, zeigen 
(Tabelle 12), dass eine sehr kraftige Stimulierung der Ammoniakbil- 
dung stattfindet. Im einen Versuch scheint die Menge des gebil- 
deten Ammoniaks imgefahr derjenigen zu entsprechen, die aus einem 
Jiquivalent Stickstoff im Imidazolring gebildet werden kann. Ben- 
zoesdure scheint indessen die Ammoniakbildung nicht zu beeinflussen. 

Zusammenfassung der Ergebnisse. 

Die Ergebnisse der Untersuchungen iiber den Einfluss der Ben- 
zoesaure auf verschiedene ammoniakbOdende Prozesse zusammen- 
(assend lasst sich sagen, dass die verschiedenen Enzymsysteme 
jffenbar ungleich empfindlich gegen Benzoesaure sind. Wahrend 
idenylsauredesaminase, Asparaginase und Histidase anscheinend 
licht beeinflusst werden, werden die einfachen Amidasen, die Ben- 
:amid und Acetamid abbauen, ebenso wie die aminosaureabbauenden 
Snzyme gehemmt. 
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Auf Seite 64 Avurde die Erage erortcrt, ob die Aingefahr 50 %igc 
Heniniung der spontanen Aniinoiualcbildung, die bei ^ orsuchen 
mit Nierenschnitten durch Benzoesaurc von 0,025-moI Konzen- 
tration hervorgerufen Avird, sich aus einer ungefahr gleichstarken 
Hemmung samtlicher ammoniakbildenden Prozessc ergebe, odcr 
aber daraus, dass geAvisse Prozesse in stiirkcrem, andere in geringerem 
Grade gehemnit Aviirden, AA'obci der ^MittelAvert 50 % betriige. Die 
vorliegenden TJntcrsuchungen zeigen, dass letzteres der Pall seui 
diirfte. SoAA'eit es sich nach eben diesen Untcrsiichungen benrteilen 
lasst, diirfte hinter der durch die Benzoesaurc hervorgerufenen 
Hemmung der spontanen AmmoniakbUdung im Hierensebnitt die 
Starke Hemmung der Aminosiuircdcsatninierung liegen. FrciUch 
geht aus den Untersuchungen herv'or, dass Benzoesaurc im Leber- 
geAvebe auch die Ammoniakbildung aus Benzamid und Acetamid 
hemmt, aber deren Eollc und die RoUc mit ihnen venvandter 
Stoffe als Ammoniakspendcr durften niclit A'on so AA'csontlicher 
Bedeutung sein. 


Der Einfluss der Benzoesaure auf die spontane Ammo- 
niakbildung in verschiedenen Geweben. 

Aus den bisherigen Untersuchungen ging hervor, dass Grund zu der 
Annahme besteht, Benzoesaure in einer Konzentration von 0,025 Mol/l 
blockiere die Aminosamredesaminierung im Nicrenschnitt ziemlich 
spezifisch, Avahrend andere ammoniakbildende Prozesse nicht beein- 
flusst AAiirden. Durch Benzoosiiure A'on stiirkercr Konzentration 
Avird die spontane Ammoniakbildung im Nierensclmitt nicht inerk- 
bar starker beeinflusst, AA’as zeigt, dass die Benzoesiiure bei 
dieser Konzentration die gegen sie empfindlichen Prozesse nahezu 
vollstiindig gehemmt hat. Erst- bei sohr holier Konzentration, bei 
der unter anderm eine unspezifisebe SalzAAirkung eine bedentende 
Rolle spielen kann, tritt eine Avesentliche Steigerung dor Hemmungs* 
Avirkung der Benzoesaure auf. Dies ist in Tabelle 13 dargestellt. 

Wenn man also damit rechnet, dass jBcRzocsaitrc in einer Konzen- 
tration von 0,025 Mol/l die Aininosduredesaininicrung sj)ezif{sch 
blochiert, so AA’urde man durch Zusetzen von Benzoesaure in dieser 
Konzentration bei T' ersuclien mit verschiedenen Oeiceben einen Begriff 
davon bekommen konnen, ein ude grosser Teil der spontanen Am- 
moniakbildung in den betreffenden Geweben Ajiiinosaurcn ent- 
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TABELLE 13. 

Die Starke der sponlancn Ammoniakhildung in einem Versuch mil 
NicrenschntU nnter Einwirkung von Benzoesdure verschiedener Kon 

zentrationen. 


BentoosSurokoni. 

(Mol/l) 

AmmonlnkbSldiing 
In niR 

Hemmung der 
Ammoniakbildung 
in % 

0,2 

0,006 

70 

0,1 

0,011 

45 

0,02 s 

0,012 

40 

0,00312 

0,015 

25 

O.ono 

0,020 

— 


stamint. Es Avurden einige IJntcrsiichungen in dieser Richtung 
nngestcllt; die Bcrechnungen sollen weiter unten diskutiert werden. 

Das Ergebnis der vorher mitgeteilten l^ersuche mit Nierenschnitten 
(Tabcllc G), aus denen hervorgeht, dass Benzoesaure in einer Kon- 
zentration von 0,025 Mol/1 die .spontane Ammoniakbildung urn ca, 
50 % hemmt, spricht also dafiir, dass ungefiihr die Hdlfte des im 
Nicrcnschnitt spontan gebildeten Ammoniaks von der Desaminierung 
von Aminosduren herrUhrt. 

Bei den zuvor mitgeteilten Versuchen mit Leherschnitten (Tabelle 
7) konnte fiir Benzoesaure in der IConzentration von 0,025 Mol/1 
cine Hemmungsvirkung nicht sicher nachgennesen werden, was 
wahrscheinlich darauf beniht, dass die Benzoesaure entgiftet wird. 
Es ist daher nicht moglich, nach dieser Methode einen Begriff davon 
zu bekommen, me gross die RoUe ist, die die Aminosauren als Am- 
nioniakspender im Lebergewebe spielen. 

Audi die im Milzgewehc und im Mnskelgewehe herrschenden Ver- 
Imltnisse ivurden studiert. 

Dns Milzgovs'obo wurdo mit Hilfo von Schnittvorsuchon untersucht; die 
Methodo "vvar die gloicho wio boi den Versuchen mit Nieren - und Leber-Sohnit- 
tcn. 

Dns Jlusiiclgewobo wurdo nicht in Schnittvorsuclien untersucht, ua e» 
grosse Schwiorigkoiton bot, geeignete Muskolschnitto lierzustelien. Statt dessen 
wurde Sluskelbrei verwendot, dor durcli Foinschnoiden von Extromitatenmusku- 
latur beroitet wurdo. Es wurdon entwodor 500 odor 700 mg Muskolbrei in 
jedem Wnrburggefass vonvondot. Im iibrigen wurden diese Versuohe auf 
glciclie Art wio die Schnittversuoho nasgofiihrt. 

Die Ergebnisse der Versuohe mit Milz- und Muskel-Gewebe sind 
in Tabelle 14 vdedergegeben. 
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TABELLE 14. 

Der Einjluss dcr Benzoesaure auj den sponianen Saucrstoffverbrauch und 
die sponiane AmmoniaUnUung im Milzgewehe nnd m Mmltelgtxcehe. 


Gowcbc 

Bonzocstturekonc. 

Sauprstoffvpr- 
brnxich In mm* 

Hcni- 

iiiunR 

In % 

AinninnlakblltlunE 
In niK 

Hem- 
rnunR | 
(— ) Oder; 
.‘'tlmnlle-' 
runt! i~). 
In % 

oline 

Benzoc- 

zRnro 

inlt 

Bcnioc- 

pRurc 

olinr 

Bcnzoe- 

*Surc 

nilt 

B<'nio<'- 

zfiurc 

Mihschnitt (100 xng) 







0,1 Mol/1 

IGl 

72 

55 

0.005 

0,002 

—GO 

0,025 Mol/1 

101 

121 

25 

0,no5 

0,005 

0 

0,025 Mol /I 

mo 

118 

24 

O.oio 

O.OOfl 

—20 

Mvskclbrci (500 mg) 







0,1 Mol/1 

52 

32 

38 

0,027 

0,02fl 

—"4 

0,025 Mol/1 

52 

42 

10 

0,027 

0,027 

0 

Mtishelbrci (700 mg) 







0,1 Mol/l 

80 

53 

38 

0,032 

0,0S6 

-1-12 

0,025 Mol/l 

80 

71 

17 

0,032 

0,030 

—0 

» 


Aus Tabelle 14 crgibt sich, dass der spontonc Saucrstoffvorbmuch 
in sowohl Milz- als nuch Muskel-Gewebe durch Benzoesaure in 0,025- 
mol Losung gehemmt yrird. Die spontene Amraoniakbildung ist im 
Milzgewebo goring, woshalb die Schlussfolgerungen ^venig zuver- 
Itissig "werden; cs scheint abcr doch, als hcmmc Benzoesaure von 
betreffender Konzentration sie wcder im Milz- nocb im ^luskcl- 
Gewebe. 

Dies wiirde also dafiir sprechen, dass die eponfanc Ammoniakbil- 
dung in diesen Oeweben, 7iicht von Aminosduren, sondem von andcm 
Ammoniakdonatoren Jiersiamme. 

Diese Vermutung wird auch durcb andcre Untersuchungen gestiitzt. 
So hat Krebs (1933 a) gezeigt, dass dl-Alnnin als Substrat bei Yer- 
suchen mit lililz- und Muskel-Gewebe von Ratten die spontanc 
Amraoniakbildung nicht deutlich stimuliert. Das Gleicbe ist der 
Fall bei 1 ( — ) Asparaginsaure in Vorsuchen mit Muskulatur (Keebs, 
1935 a). Aus Tabelle 15 liisst sich auch ersehen, dass 1 (-f ) Gluta- 
minsaure bei Versuchen mit Milz- und Muskel-Gewebe die Ammoniak- 
bildung nicht zu stimulieren echeint, wahrend bei Versuchen mit 
starker konzentriertom Muskelbrei der Sauerstoflverbrauch etv'as 
stimuliert wird. 
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TABELLE 16. 

Der Einfluss der I {+) Glutaminsaure in der Konzentration von 
0,0025 Mol/l auf den sponianen Sauerstoffverhrauch und die spontane 
Ammoniakbildung in Milz- und Mmkel-Omebe. 


Orffcl)o 

Snuprstoffvcrhrnucli 
Jti iiim’ 

Stimullo- 

nmc 

In % 

Anitnoiilakbildung 

In mg 

Hcmmung 
( — ) Oder 
Stimultc' 
rung (+) 
In % 

olmo 

OlutRnifn- 

Rilurc 

wit 

Olutfimtn- 

iitluro 

ohnp 

Qtutftinin- 

sfiiirc 

wit 

Glutamln- 

sflurc 

f 







(100 mg) 

l.'jO 

104 

r> 


0,012 

4-9 

Mimkelbrei 







(200 mg) 

33 

34 

3 

0,010 

0,010 

0 

(SOO mg) 

fi3 

72 

14 

0.033 

0,020 

—12 

(700 mg) 

111 

130 

25 

0,038 

0,041 

+ 8 


Es ficheint nlso, nls fehle dem Milz- und dem Muskel-Gewebe die 
Fahigkcit, Aminosfiuron zu desaminieren. Ausserdem spricht, was 
auf Seite 22 bereits hervorgehoben wurde, das reiohliche Vorkom- 
men von Adenosindesaminnse im Milzgewebe und von Adenyl- 
Bauredcsaminase im Muskelgewebo (Conway u. Cooke 1939) dafiir, 
dass die genonnten Purinverbindungen in den betreffenden Geweben 
als wichtige Ammoniakspender wken. 

Die Annahmo, dass das Fehlen einer nachweisbaren Heramungs- 
virkung auf die spontane Ammoniakbildung im Milz- und Muskel- 
Gewebe darauf beruho, dass diese AmmoniakbOdung nicht von einer 
AmmosSuredesaminierung herruhrt, Avird also auch dutch das 
eben Gesagte gestiitzt. 

Der Elnftuss der BenzoesSure, MandelsSure und Sail- 
cylsSure auf die AmlnosSuredesaminierung 
bei Bacterium coli. 

Die Versuoho %vurdon nach dor auf Seite 29 beschriebenen Methode 
auBgefiihrt. Es diente hierzu ein pathogener Stamm von Bacterium 
coli, von einem Patienten mit Colicystopyelitis. Als Substrat fur 
die Bakterien "wurde in den Warburggefassen dl-Alanin, I Alanin 
und I (-}-) OlutaminsUure verwendet, und zwar m der Konzentration 
0,00125 Mol/l, die auch fiir die Versuche mit tierischen Geweben 
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Diagramm 21. Grosse des Savcrstojfverbrauch.i bci Bacterium colt bei I'/iStiindi- 
ger Versuchszeit. 

Spontaner Sauerstoffverbrauoh ® ® 

Sauerstoffverbrauch mit 0,00l25*inol dl-AlaninlOsung i- 

t » » » 

und 0,1-mol Benzoo.=;aurc!6st)ng .... O O 



Diagramm 22. Ammoniakbildung bei dem auf Diagramm 21 dnrgestellten 
Versuch. 

Spontane Ammoniakbildung 0 9 

Ammom'akbildung mit O,00l25.mol dl-Alaninl6sung . .' . . 4- 

» » » » 

und 0,1-mol Benzoesaurelosung . ... O 


O 
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TABELLE 16. 


Einwirknng von Benzbesdure, Mandelsdure und Salicylsdure attf den 
sponia7ien Sauerstoffverhravxdi und die sponiane Ammoniahhildung bei 

Bad. edit. 


SMI 

(Konz. Mol/1 in der 
Versuchsmisclmng) 

Sauers toff ver- 
brauch in mm’ 

Hemmung 
(— ) resp. 
Stimulie- 
rung ( + ) 
In % 

Ammoniak- 
bildung in mg 

Hemmung 
in % 

spontan 

nUt resp. 
Stoff 

Spontan 

mit resp. 
Stoff 

Benzoesaure 0,025 

32 

30 

—6 

0,007 

0,007 

0 

Mandelsaure 0,025 

32 

31 

—3 

0,007 


14 

Salicylsaure 0,025 

32 

33 

+3 

0,007 


0 

BenzoesSure 0,1 

60 

62 

+ 3 

0,010 

0,010 

0 

Mandelsaure 0,1 

60 

61 

+ 2 

0,010 


0 

Salicylsaure 0,1 

60 

55 

—8 

0,010 


10 


gewohniich gew’fihlt voirde. Aminosauren von sowohl d-als 1-Form 
Avurden untersucht, um die Frage zu studieren, ob eine Ungleichheit 
in der Wirkung der untersucJjten Hemmungsstoffe auf sie vorliege. 
Benzoesdure, Mandelsdure und Salicylsdure wurden auf die Wirkung 
untersucht, die sie bei Anivesenheit der Substrate auf den Sauer- 
sioffverbrauch und die AinmoniaM>ildung der Bakterien ausiiben. 
Die Stoffe wurden teils in der bei den Versuchen mit tierischem 
Gewebe standardisierten Konzentration von 0,025 Mol/1, teils in 
einer Konzentration von 0,1 Mol/1 untersucht, da bei der schwache- 
ren Konzentration die Wirkung nicht immer mit geniigender Deut- 
lichkeit hervortrat. 

In den Versuchen kam bei den Bakterien stets ein geivisser spon- 
taner Stoffivechsel vor, was wahrscheinlich darauf beruhte, dass die 
Bakterien von dem Substrat, in dem sie gewachsen waren, nicht 
vbllig befreit werden konnten. Der spontane Stoffwechsel betrug 
im allgemeinen ungefahr 1/3 resp. 1/5 des bei den Versuchen 
mit Substratzusatz auftretenden totalen Sauerstoffverbrauehs resp. 
der totalen AmmoniakbUdung (Diagramme 21 und 22). 

Aus Tabelle 16 lasst sich ersehen, dass der spontane Stoff- 
wechsel durch die untersuchten Sioffe in der Regel anscheinend u-enig 
beeinflusst wird. Nur Salicylsaure in einer Konzentration von 0,1 
Mol /I scheint eine leichte Hemmung auf sowohl den Sauerstoffver- 
brauch als auch die Ammoniakbildung ausziiben, weshalb nui bei 
Versuchen mit dieser Saure eine Beeinflussung'des spontanen Stoff- 
wechsels in Betracht zu ziehen ist. 
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TABELLE 17. 

Einwirkung von BenzoeaUure, Mandels&ure und Salicylsdure auf den 
Satierstoffverbrauch und die Ammoniakbildung bei Bad. coU in An- 
wesenheit von 0,00125 Moljl dl-Alanin reap. I (-f) Olutaminadure. 


Substrat 

BtoH 

(Konz. Mol/1 In dor 
VorsuchBmlBohung) 

SauorBtoJfver- 
branch In mm* ’) 

Hemmung 
(— ) reap. 
Sttmullc- 
iung(+) 
In % 

Mlttel- 

wort 

Araracnlak- 
blldung In mg') 

Hommung 
{— ) reap. 
Stlmullc- 
tung (+) 
In % 

Mlttol- 

wert 

mit 

Sub- 

Btrat 

mit- 

Sub- 

Btiat 

und 

reap. 

Stoll 

mit 

Sub- 

Btrat 

mit 

Sub- 

strat 

und 

reap. 

Stolf 

dl-Alanin: 









Benzoesairre 0,026 .. 

48 

31 


|— 32 

0,020 

0,013 

—36 

1—34 


100 

71 


0,031 

1^^ 

—32 

1 

Mandelsaure 0,026.. 

63 

34 

—36 

|— 40 

0,021 


—43 

|— 40 


68 

38 

—44 

0,028 

0,018 

—30 

SalioylB&ure 0,026 .. 

78 

37 

—62 

|— 64 

0,028 

O,007 

—76 

|— 76 


62 

27 

—66 

0,028 

0,007 

—76 

1 

Natriumohlorid 0, l 

82 

06 

-fie 


0,028 

0,031 

+n 


Benzoes&ure 0,1 .... 

87 

23 

—74 


0,037 

0,011 

—70 


Mandelsaure 0,1 .... 

43 

18 

—68 


0,016 

0,007 

—50 


SaHoyMure 0,l 

76 

0 

—100 


0,010 

0,000 

—100 


1 ( + ) Olutaminadure: 









Benzoesaure 0,026.. 

102 

108 


[+6 

0,031 

0,030 

—3 

1—8 


112 

120 

+ 7 

0,032 

0,028 

—12 

1 

Mandelsaure 0 , 026 .. 

100 

114 

+ 14 

Uo 

0,020 

0,082 

+ 10 



167 

160 

—1 


0,030 

0,037 

—5 

[+- 

Salicylsaure 0,026 .. 

140 

60 

—58 


0,030 

0,013 

—67 


Natriumohlorid 0,i 

122 

108 

—11 


0,030 

0,028 

—7 


Benzoesaure 0,i .... 

116 

78 

-33 


0,030 

0,022 

—27 


Mandelsaure 0,1 .... 

103 

137 

+ 33 

j + 24 

0,026 

0,031 

+ 10 

1 + 14 


100 

110 

+ 16 

0,026 

0,028 

+ 8 

Salicylsaure 0,1 

63 

—6 

—111 

1 

0,013 

0,004 


1 /8 


02 

—6 

—110 


0,016 

0,002 

—88 

J-/8 


Die Ergebnisse der Versuche mit dl-Alanin gehen aus Tabelle 17 
hervor. Es zeigt sich, dass samtliche drei untersuchten Stoffe sohon 
in der aohwaoheren Konzentration eine deutliche Hemtnung auf den 
Stoffwechsel ausiiben. Wie bei den Versuohen mit Nieren- und X^ber- 
Gewebe soheint Salicylsaure die starkste Wirkung zu haben. In der 
starkeren Konzentration hemmt sie den Abbau des dl-Alanins total. 

Naoh Abzug der Werle f. d. spent. Stoffwechsel. 
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TABELLE 18. 

Etnwirhmg von Benzoesdure, Mandelsdure und Salicylmure in einer 
Konz. von 0,025 Moljl auf den Sauerstoffverbrauch und die Ammo- 
niakbildung bei Bad. coli in Anwesenheit von 0,00125 Moljl dl-Alanin 

resp. I {-{-) Alanin. 


Stoff 

Substrat 

Sauerstoffver- 
brauch in mm’ ’) 

Hem- 
mung 
in % 

.immoniakbildung 
in mg ') 

Hem- 
mung 
in % 

mit 

Sub- 

strat 

mit 

Substrat 
und resp. 
Stoff 

mit 

Sub- 

strat 

mit 

Substrat 
und resp. 
Stoff 

Benzoesaure 

dl-Alanin 

71 

56 

21 

0,021 

0,016 

24 

» 

1 ( -p ) Alanin 

65 

50 

23 


0,013 

25 

Mnndelsaure 

dl-Alanin 

60 

35 

42 

0,022 

0,016 

27 

» 

1 (-p) Alanin 

58 

33 

43 

0,019 

0,013 

32 

Salicylsaure 

dl-Alanin 

57 

30 

47 

0,027 

0,012 

56 

» 

1 (-p) Alanin 

55 

32 

42 

0,023 

0,009 

61 


Es vTirden auch Vergleiche zwischen der Wirkung der drei Stoffe 
auf den Abbau von dl-Alanin resp. 1 (+) Alanin angestellt (Tabelle 
18). Hierbei wurde im gleicben Versuch jeder Stoff hinsichtlich 
seiner Wirkung auf den Stoffwechsel von dl- und 1 (+) Alanin je fiir 
sich untersucht. Es zeigte sich, dass, im Gegensatz zu dem, was fiir 
Nieren- und Leber-Gewebe gilt, d ( — ) Alanin und 1 (-f ) Alanin von 
Bacterium coli offenbar gleich rasch abgebaut werden. Dies geht 
aucb au8 den Versuchen von Stebhenson u. Gale (1937) hervor. 
Die drei untersuchten Stoffe scheinen auch jeder fiir sich eine gleich- 
starlce Hemmxvng auf die beiden Komponenten des dl-Alanins aus- 
zuiiben. 

Aus Tabelle 17 geht weiterhin hervor, dass Benzoesaure imd Man- 
delsaure in der schwacheren Konzentration im Gegensatz zu den 
Versuchen mit Alanin keine sichere Wirkung auf den Abbau von 
Z (-{-) Glutaminsdure ausiiben. Dagegen iibt Sahcylsaure eine 
ausgesprochene Hemmung aus. Werden die Stoffe in der starkeren 
Konzentration untersucht, kommt jedoch eine Hemmxing durch 
Benzoesdure heraus, und die Hemmungswirkxmg der Salicylsdure 
scheint eine totale zu werden. Dagegen lasst sich bei den 
untersuchten Konzentrationen keine Hemmung durch Mandelsdure 
nachweisen. Es liegt im Gegenteil eine leichte , Stimulierung von 


*) Nach Abzug der Werte f. d. spent. Stoffwechsel. 
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sowohl Sauerstoffverbrauch als auch Amnioniakbildung vor. Dicfic 
Tatsache ist schwer zu erklarcn. Es ist jedoch denkbar, dass die 
Steigerung des Sauerstoffverbrauchs auf eincr in gewissem Au-smass 
stattfindenden Verbrennung der jrandelsaure beniht. Besondcrn 
schmerig ist es dabei, die Stimuiierung der Amnioniakbildung zu 
erkliiren. Da die Steigerung der Ammoniakbildung gcringer ist als 
die des Sauerstoffverbrauchs, beruht sie viellcicht auf Versuchs* 
fehlem; jedenfalls kann man sich kaum vorstollen, nuf %relche 
Art Mandelsaure die Ammoniakbildung aus andcren Stoffen stimn- 
lieren sollte. 

Die Versuche mit dl-Alanin und 1 (-f) Glutaminsiiure weisen also 
untereinander mehrere Verschiedenheitcn auf. Diese benihen 
wabrscheinlich nicbt auf der verschiedenartigen sterischen Konfigu- 
ration der Stoffe, sondcrn auf ihrer vcrschiedenen Zu.sammenscfzung; 
die Versuche mit Alanin haben niimlich gezeigt, dass die Konfigu- 
ration in diesem Fall die Wirkung der verschiedenen Giftc offcnbar 
nicht beeinflusst. 

Aus den Versuchen mit Colibakterien crgibt sich also, doss 
Benzoesdure und nahvenmndfe Stoffe hier rcie im Nicren- und Leber- 
Geivebe eine im grossen und ganzen gleichariigt Hemmung auf den 
Aminosdureabhau ausiiben. Indessen scheint die VTirkung mit der 
Verschiedenheit der Substrate und der Gifte in mehr individueller 
Weise zu variieren. 

Die Versuchsergebnisse, die hier gewonnen Murden, trngen also 
dazu bei, den Resultaten der Untersuchungen an Nieren- und Leber- 
Gewebe grossere AUgemeingiiltigkeit zu geben, ebenso ivie sic vicl- 
leicht auch zum Verstandnis der bekannten antibakteriellcn Wirkung 
der Benzoesaure und ihr naheverwandter Stoffe beitragen kdnnen. 



ZUSAMMENFASSUNG. 


Zweck der vorliegenden Untersuclmng war, den Einfluss der 
Benzoesaure, der Slandelsaure und nahverwandter Stoffe auf die 
Amnioniakbildung vor allcm im Nieren- und Leber-Gewebe zu 
studieren. 

Die Vcrstiche, die mit Hilfe der Warburgschen Technik ausgefvihrt 
wurden, -nnirden bauptsaclilicli.an Rattenorganen angestellt. 

Aniass zur Untersucliung batten gewsse kliniscbe und experimen- 
telle Beobachtungen gegeben, die dafiir spraclien, dass die betref- 
fenden Stoffe die Ammoniakbildung in den genaimten Geweben 
hemmen. 

Dber diese Untersuchungen some fiber einige andere, die zeigten, 
dass die betrcffenden Stoffe mehrere Prozesse im intermediaren Stoff- 
wechsel hemmen, %\'urde bier Bericbt erstattet. Ausserdem wrden 
die mchtigsten ammoniakbildenden Prozesse in Niere und Leber 
diskutiert. 

Der Hauptsache nach haben die Untersuchungen umfasst: 

1. Einen Vergleich zmsclien dem Einfluss der Benzoesaure und 
dem der Mandelsiiure auf die spontane Ammoniakbildung im Nieren- 
und Leber-Gewebe. 

Hierbei ging lier^’^or, dass beide Stoffe eine ungefabr gleichgrosse, 
erbebliche Heramung der spontanen Ammoniakbildung im Nieren- 
gewebe bomrken, wiihrend im Lebergewebe keine sicbere Hemmung 
nachzuweisen war, was wahrscheinlich darauf beruht, dass die 
Leber die Fahigkeit hat diese Stoffe zu entgiften. 

2. Einen Vergleich mehrerer Stoffe, die in verschiedener Weise 
mit Benzoesaure und Mandelsiiure verwandt sind, um hierdurch die 
aktive Gruppe zu erkennen. 

Hierbei ergab sich, dass es wahrscheinlich die Kombination von 
Phenyl- imd Carboxylgruppe ist, die die Wirkung der Stoffe bedingt. 
Die beiden Gruppen scheinen namlich in der Regel, jede fiir sich in 
Verbindung mit anderen Gruppen, eine Hemmung hervorzurufen, 
die schwacher ist als die, die sie bei gemeinsamen Auftreten in einer 
phenylsubstituierten Eettsaure bewirken. 
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3, Einc Untcrsnchung dcs EinfluHMC'ft dor B<‘nz{)o«iiiin- mif vit. 
schiedeno nmmoninkbildciidc Prozo-tw jo fiir kicIi. 

Hierbei ergnb sicJi, dnas dio BenzocHrmro, dio nl*< KojirilHontnnt fur 
die iibrigen Stoffc vcrwendct %nirdc, pewiKSo Prozf '‘<.«0 wnbrj'ehoinlicli 
ganz hemmcn kann, ■wiihrend nndcrc niolit bcoinf!u«‘d wortlon. 
wird die Dcsnminienirig %’on I- und d'ArniiiO'iHuron im Kifwngo- 
-wcbe gchorarat, wtihrcnd die Dosnminicniug von Jtu-ol.'olrtdenyKiun* 
und die Dcsnmidicnjng von Aaparngin niebt VH-einflun-s-t wonlon 
diirfte. Durch gcuns'ie Abiindcninpen dor VerKuchsf)<'<lingHngf'n 
ergab sicli als ivnhrsclioinlicli, dasM ini J^oborgtnvobf' ribnlidio 
hiiltniisse vorliegen, mit dem Unterfichiede, das'? die Ixdw'r, vie obrn 
crwiihnt, dio in Rede ptebendon Stoffo in cinom gon'jMon AtiKma^** 
entgiften kann. 

4 , Eino Unterauchung dos Einnusprs dor l}on?.{>f««ruire nnf dk* 
spontane Ammoniakbildung in Geweben \'on nndcren Organon 
(Milz tmd ftfuskulatur). 

Hierbei ergab aich, dasa die aponlnne Ammoniakbildnng tiurch 
Benzoesauro, dio ala Repriiaentant fur die iibrigen Stof/e diente, 
nicht beeinfliissfc u-ird, was dann wahrachoinlioh daranf lirnilit, daaa 
die Aminoaauredesaminicning hicr koine ■vve.aentliche Rolle spiolt. 

5, Eino Untersuchnung dcs Einflu.^ses dor Bofizw-anre, Mnnde!- 
sauro iind Salicylaiiurc auf die Aniinosjiuroolejoinuniorting Ik'I Bacte* 
rium coli, 

Hierbei ergab sicb, dass aie gchemmt inrd, wie op nuoh bei dfr 
Aminosauredcsaminicrung ini Xioron- und ly^bor-Gewobe dor 
Fall ist. 
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PREFACE. 


The vrork presented in this book was taken up as a problem of 
collaboration between the ISTeurophysiological Laboratory and 
the Neurological Clinic. Accommodation has been studied for some 
time at the Neurophysiological laboratory with electrophysio- 
logical methods, and to the author was allotted the task of taking 
up the same theme with normal human material and with a view 
to the use of accommodation as an aid in the analysis of certain 
disturbances of nerve excitabilit 3 ^ 

It is a pleasure to record my gratitude to the Director of the 
Neurophysiological Laboratory, Professor Bagnar Geanit, for 
constant advice and criticism during the experimental work as 
well as to the Head of the Neurological Clinic, Professor Nils 
Ajjtoni, for placing the facilities of his clinic at my disposal and 
for instnictivc discussions of the results. 

The Lecturer in Neurophysiology, Dr C. B. Skoglukd, has 
freely assisted me with his experience in this field and Mr K. T. 
Helme, physicist to the Neurophysiological Laboratory, has 
several times checked the apparatus used in this work. To both 
of them I am greatly indebted for their valuable advice and help. 

My thanks are due to Mr Grenville Grove for the transla- 
tion of this treatise. 

Stockholm, March 1944. 

Eric Kugelberg. 


The publication of this thesis 
in English has been assisted 
by the British Council. 




Introduction. 


For some time, measurements of the strength-duration curve 
of excitation have been used in clinical work, generally in the 
abridged form of determinations of the chronaxie. But it would 
seem as if the concept of "excitability", as used by the clinician 
in examining human material, is in many respects more closely 
related to another parameter of excitability, namely, accommoda- 
tion. This concept will be defined in the next section. There arerela- 
tivel}' few studies of accommodation in man, none of them syste- 
matic enough to form a basis for a judgment of what could be 
achieved by measuring this parameter in an analysis of pathologi- 
cal states characterized by increased or diminished nerve excita- 
bility. They have been re%'iewed below (pp. 17) in SECTION I. 

One of the main themes of the present work is to provide a set 
of data which might serve to show the variations and order 
of magnitude of "accommodation" in normal human subjects. This 
forms the substance of SECTIONS II and HI, SECTION II in 
particular dealing with technique and procedure, SECTION III 
with the analysis of normal subjects. 

These data having been procured, the work was extended into 
an attempt to use measurements of accommodation for analytical 
purposes. The work of Lewis and his collaborators, supplemented 
by Reit), Zotterman and others (see p. 52), has led to a great deal 
of information about selective losses of sensitivity and increased 
irritability ensuing upon circulatory disturbances caused by com- 
pression of the blood-vessels of the arm by pneumatic cuffs. Here 
therefore w'as an interesting possibility of finding out to what 
extent these changes could be better understood in terms of mea- 
surements of ner%’’e accommodation. If changes in accommodation 
played a role in determining the phenomena observed under such 
circumstances, a convenient method for experimental modification 
of this factor would be available to provide a basis of comparison 
with changes in pathologically modified nerve. This surmise 
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proved correct. Bather remarkable changes in accommodation 
could be induced by circulatory disturbances produced in this 
maimer, and it was found possible to correlate a number of 
symptoms of irritability, such as various paresthesias or muscle 
"fasciculation”, as well as selective losses of excitability, with 
the accommodative changes and thus to comprise them under a 
common heading. The stretch of nerve in the proximal region of 
the arm was found in such experiments to possess interesting 
properties with regard to accommodation, just as previously 
this same region had been found to be of crucial significance for 
the phenomena described by Lewis and his collaborators. These 
results are reported in SECTION IV. 

Finally, in SECTION V, it was found possible by measurements 
of accommodation to throw new light upon certain pathological 
reactions such as paresthesia, spasms and fasciculations in tetany 
and the sign of Trousseau. 



I. Historical section. 


1. Accommodation: Definition of terms, methods of 
determination, inrestigations on animals. 

Long before physiologists had succeeded in producing currents 
of sufficiently short duration to enable them to compute the time 
factor in excitation (chronaxie), it was known that a current 
which rises suddenly to its full value is more effective and excites 
at a lower threshold than if it rises slowly. Lucas (1907 a) showed 
on toad and frog nerves that the current must have "a minimal 
gradient” in order to excite, and below which it has no effect, 
however strong it may at last have become. In the German litera- 
ture gradually rising currents are designed as “ einschhichende” 
(creeping), indicating that they approach the tissue so slowly 
that apparently they are not noticed at all. It thus looks as if 
the tissue, if allowed sufficient time, sets up a resistance against, 
and thus accommodates itself to, the stimulating current. Under 
the action of the current some process is apparently set up, which 
counteracts the stimulus and thus increases the threshold of 
excitation. This process, the nature of which stiU. remains merely 
hypothetical, is termed accommodation (Neenst, 1908). 

The simplest way of quantitatively measuring the accommoda- 
tion is to stimulate "Hith linearly or exponentially increasing 
currents and to determine the threshold strengths at different 
rates of current rise. If the accommodation is then rapid or good, 
the threshold — on stimulation by a current of a given rate of 
rise — increases more than if the accommodation is bad. A slowly 
rising stimulus must then be increased to a relatively greater 
strength in order to compensate the accommodation. In case the 
capacity for resisting the stimulating current is entirely lacking, 
the threshold will obviously lie at the same level, no matter how 
slowly the current rises. "With a view to a comparison of the results 
from different objects of investigation, it is usual to refer the 
threshold values to a basic value by expressing them in multiples 
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of rheobasic strength. In this way an absolute measure of the 
accommodation can be obtained. This principle vnW be exemplified 
below by a method theoretically indicated by Hill (1936) and 
experimentally tested by his collaborator Solakdt (1936 a). 

It seems unnecessary to recapitulate all the experimental 
methods employed by investigators from v. K.ries (1881) onwards 
for quantitative determination of the speed of accommodation. 
Nor is it needful to discuss the various theoretical derivations of 
the time constant of accommodation, such as those made by 
Eashevsky (1933), Monnier (193i) and Hill (1936). The con- 
stants, which have been computed theoretically, stand in a simple 
mathematical relation to one another. Similarly, as sho^vn by 
Hill (1936). the results of the different experimental methods 
can be expressed in one and the same constant. For a more de- 
tailed description, the reader is referred to Hill's work (1936), 
to summaries by Schaefer (1940) and, especially as regards excit- 
ation with linearly increasing currents, to the paper by Skoglund 
(1942), Here it will suffice to describe the methods which have 
been adopted in investigations on man. 

Seeing that the method adopted in this study is modelled on 
that of Hill-Solandt, it seems desirable at this point to give 
a brief description thereof. It is explained in greater detail on 
p, 23. SoLANDT employed currents ’ivith an exponential rise, 
which could easily be produced by discharging a condenser 
over a resistance (cf. use of this method by Laficque 1908). 
Since the rising time of the current is proportional to the 
product of the condenser’s capacity and the resistance, the 
desired rising times could be obtained by varying one of these 
factors. The rheobase is first determined with a muscle contraction 
as index of an excitatory effect, then the threshold strengths of 
currents with longer and longer rising times. The strength of the 
threshold currents is then divided by the rheobase and plotted 
against the time-constants of the respective currents (see Fig. 1.). 
A typical set of readings will be found on p. 25 and a curve traced 
according to these values on p. 30, 

The result is a so-called accommodation curve, which for short 
rising times is linear. The upper steep curve in Fig. 1 shows a good 
accommodation, as the relative threshold increases rapidly in 
proportion to the rate of current rise, whilst a poorer accommoda- 
tion is shown by thedower, more level curve. In this paper the 
slope itself has been taken as a measure of the accommodation, 
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whereas Hill-Solandt use the reciprocal, which is identical with 
the time-constant ). of accommodation theoretically derived by 
Hill. Thus, expressed in A, the accommodation is, instead, good 
if / is small, and bad if A is large. 



Fig. 1. From Solnndt (10.36 b). See text. 

A technique based on the same principle has been employed 
by ScHRiEVER (1932) in order to obtain a gauge of the accom- 
modation; wliich he terms "Einschhichzeit” or, in analogy with 


VoUaRO 



Fig. 2. Modified from Schricver and Cebulla (1938). Threshold voltago for muscle 
contraction as ordinates against time constant of ej^onontially rising stimu- 
lating current as abscissae. Cs corresponds to se.7iil dc dimalyse. Ce time constant 
for calculation of EinschUichzdt. 


the chronaxie, “ Ghronherfie’^ (see Fig. 2). He first determines 
the rheobase and then the time-constant for an exponentially 
rising current which just suffices to excite at twice the rheobase. 
The “Halhzeit" for this current, i. e. 0.693 times its time-constant, 
is " EinscTileichzeit” . As shown by Hill (1936), A is 2.89 Ein- 
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schkic7izeit’\ Anotlier gauge has been proposed by Lapicque (1937). 
As we kno’nrfrom the studies of I’iCK (1863), v. Kbies (1884) and 
Gildemeisteb (1904), etc., there is a certain margin within which 
the rising time of a current of rheobasic strength can be pro- 
longed without losing its effect. Labicque determines the time- 
constant for the exponentially rising current which just prevents 
excitation by a current of rheobasic strength. This time-constant 
he terms “seuil de climalyse" (see Fig. 2), and has proposed its 
adoptation as a gauge of the accommodation. In practice, how- 
ever, it is difficult to determine it precisely, seeing that, as shown 
by Fig. 2, the threshold curve quite gradually bends away from the 
abscissa, whence a considerable error in the rate of current rise 
will result unless the threshold strength is determined exactly, 
which, however, is practically impossible. 

Also linearly increasing currents have been used in investig- 
ations on man by Fabbe (1928), who determined his “consiante 
lineaire", which is the rheobase divided by the minimal current 
gradient. As shown by Hill (1936), this time factor is identical 
with L 

There are, however, certain difficulties and complications in 
the computation of the accommodation. In order to obtain an 
exact measure of the slope of the accommodation curve, it must 
be linear, which in fact is usually the case as regards excised frog 
nerve, the most frequently used material for investigations of this 
nature. However, L. and M. Lapicque (1937), especially under 
the action of cold or after decalcification, but also spontaneously — 
similarly as P. and M. Benoit (1937) after decalcification — have 
observed curves of another shape. These curves were at first linear 
and fairly steep, but turned round and flattened when the stimu- 
lating currents rose more slowly. Finally, they took a horizontal 
course when the muscular response to the stimulus was a tetanus, 
indicating that the nerve had responded with repetitive impulses. 
ScHBiEVEB and Cebulla (1938), in experiments on frog nerve 
which, by v-arious measures, had acquired a tendency to "repeti- 
tiousness^^, foimd it to be a general rule that the curves tend to 
become horizontal when the nerve discharges repetively. 

In a series of investigations on mammalian nerves in situ, 
Bernhard, Granit and Skoglijnd (1942), Skoglund (1942) and 
Gbanit and Skoglund (1943) have studied the nerve response to 
slowly rising rectilinear currents. Bernhard, Gbanit and Skog- 
lund (1942) have regularly found that the accommodation curves 
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gradually become bprizontal where the relative current strength 
is sufficiently great, in which case the nerve begins to respond to 
the stimulus by repetitive impulses, which can be- observed by 
concurrent recording of the muscular or nerve action potentials. 
This indicates that the nerve can adapt itself to the stimulus only 
within a certain range of current strength, beyond which this 
capacity is lost, or, in other words, a “breakdown of accommoda- 
tion” occurs. Mammalian nerves thus lack a “minimal current 
gradient” (the “fente Umite' of the Prench authors): the currents 
excite, however slowly they may rise, provided that their thres- 
hold values exceed the limit at which the “breakdown” takes 
place. 

In view of this fact, only, the initial part of the curve, where it 
is linear, should be used in determining the accommodation. The 
linearity should also be controlled by determining additional 
points, as deviations from the linear course at the very beginning 
of the curve have been observed by Skoglund (1942) in some 
measurements of accommodation in mammalian nerves, as well 
as e.g. by Kahlson and v. Webz (1936), Solandt (1936 a) and 
L, and M. Lapicque (1937) in frog nerves. 

Another complication, as shown by SKOGnuNn (1942), is the 
imcertainty of the index hitherto employed, namely a muscle 
contraction. That author has elaborated a new technique, based 
on using as an index the first action potential observed on the 
stimulation of the nerve. By this procedure several sources of error 
are avoided, besides which it permits of the examination also of 
sensory nerves. The form of the stimulating ctirrent is recorded 
photographically by the one beam of a double cathode ray oscil- 
lograph, whilst the nerve impulses are recorded by an amplifier 
connected to the other beam. With this method the accommoda- 
tion in nerve fibres with the lowest threshold can be ascertained. 
It was further found that the determination of the accommodation 
partly depended on what index was employed. Thus the slope 
of the accommodation curve will be steeper if one selects as an 
index a large muscular or nerve spike — which probably consists 
of synchronized impulses from several fibres — than if a small 
spike with little or no synchronization is selected for the purpose. 
The actual, accommodation in the nerve fibre can thus be ascer- 
tained only if, as suggested by Skoglund (1942), the first nerve 
action potential is used as an index in relatively isolated fibres,- 
or still better if, as done by Geanit and Skoglund (1943), the 
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same metkod is employed directly on single fibres isolated by 
micro-electrodes. If a muscle contraction is used as an index, tbe 
accommodation will always be determined to some extent by a 
component of unknown magnitude, which depends on the synchro- 
nization in the nerve examined. Jlorcover it seems that the syn- 
chronization can most easily be established on stimulation with, 
currents of short rising times. The index is therefore liable to change 
and to consist of less well synchronized impulses according as the 
thresholds of longer and longer rising times are determined. This 
is an additional reason for checking the linearity of the cun’c, in 
order to make sure that the index has been kept constant. Thus 
the chief difficulty in using a threshold muscle contraction as an 
index is the variability of that index. 

With the use of the above-mentioned technique for the stimula- 
tion of separately prepared cat nerve m situ inth linearly increas- 
ing currents, Skoglund (1942) found that the accommodation in 
the motor nerve showed relatively little variation from individual 
to individual. He ascertained also, as Erlaxger and Beair 
(1938) had pre^dously found in experiments on frog nerve irith. 
quite a different technique, that sensory fibres, in this case presuma- 
bly muscle proprioceptors, show a poorer accommodation than 
motor fibres. The former showed an accommodation, as expressed 
in A (inverse value of slope of accommodation curve), ranging: 
between 90 and 200 msec., the latter between 30 and 60 msec. 
In the sensory fibres the breakdown of accommodation occurred 
at 1.5 — 2 times the rheobasic strength, in the motor fibres at. 
3 — 4 times that strength. As will be explained below, this signi- 
fies that the threshold of the sensory fibres for prolonged “repeti- 
tiousness” lies lower than for the motor fibres, as has also been 
found by Belanger and Blair (1938) in frog nerves. 

The capacity for accommodation can be artificially modified, 
within wide limits. Lucas (1908) thus showed that the accommoda- 
tion of frog muscle was retarded if it was bathed in calcium-free 
Einger's solution, but recovered its rapidity on the addition of 
calcium chloride. This effect of the lack of calcium ions on the 
accommodation in muscle was confirmed by Kahn (1911). So- 
LANDT (1936 a), in similar experiments on nerve, found that the 
accommodation was retarded if the nerve was deprived of cal- 
cium ions (e. g. by bathing it in calcium-free Einger’s solution, 
by the addition of oxalate or citrate, or by shifting pH to the alka- 
line side), but was immediately improved by the addition of a. 



ACCOiniODATION IN HUJIAN NERVES. 


15 

calcium salt or by increased acidity (see Fig. 1). Thus, simply 
by changing the calcium ionization in the environment of the frog 
nerve, he could vary A from 6 msec, to infinity. Furthermore, as 
shovrn by Liesse (1938, a and b), the rapidity of accommodation 
in frog nerve is increased by ischemia. According to Kahlson 
and V, Werz (1936) and Schriever and Ehrhardt (1939), a 
similar effect is produced by certain narcotics. Cooling of the frog 
nerve or maltreatment by drying or mechanical injury have the 
opposite effect (Schriever and Cebulla, 1938). There are also 
some other factors -vvhich have been stated to affect the accom- 
modation; but those above enumerated seem to be the principal 
ones that call for mention from the special ^^e\vpoints of the pres- 
ent study. 

The importance of the concept "accommodation” lies also in the 
fact that it provides a simple, measurable expression for a funda- 
mental physiological property in the nerve, namely its tendency 
to respond -with repetitive impulses to a stimulus. This tendency 
is quite intelligible: for, if the nerve caimot accommodate itself 
to a stimulus above threshold strength, its effect continues, 
whence the nerve, so long as the stimulus is applied, should re- 
spond with a prolonged series of such impulses. But, if the accom- 
modation is rapid or good, the stimulus is quickly coimteracted, 
and we should obtain merely a single impulse or a short series of 
impulses. 

That accommodation is an important factor controling the ten- 
dency of the nerve to "repetitiousness” has been shown by Hill's 
associate K.atz (1936, a and b). Thus nerves of cooled frogs, nerves 
which have been deprived of their ionized calcium as well as nerves 
of crabs and lobsters, all respond with repetitive impulses to con- 
stant current at, or slightly more than, rheobasic strength. Such 
nerves show little or no accommodation. If calcium is added, the 
current must be made stronger in proportion to the improvement 
in accommodation, in order to obtain a repetitive response to 
the stimulus. Schriever and Cebulla (1938) have confirmed this 
in experiments on frog nerve. Another example has already been 
mentioned. As soon as a breakdown of accommodation was ob- 
served on determining the course of the accommodation curve, 
the nerve began to respond iteratively to stimuli beyond the thresh- 
old of the breakdown. 

Another phenomenon which is closely associated with bad or 
non-existing accommodation and the consequent greatly increased 
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2. Studies of accommodation in man. 

As compared -witli the very large mimher of investigations 
bearing on the cbronaxie in man, accommodation, in the meaning 
assigned to that term here, has been a rather neglected subject. 
The first quantitative determinations under normal conditions 
were made by Fabbe (1928), who computed his “constante line- 
aire” on a motor point in different arm and leg muscles of some 
individuals. JSis values ranged between 25 and 60 msec. In a later 
work (1935), however, he contended that a "constante lindaire’' 
could be computed for currents stimulating nerves but not muscles, 
as the latter apparently lacked a well-marked "fcnie limite". The 
current in fact finally stimulated the muscle, quite irrespective 
of its rate of rise, provided that it had acquired sufficient inten- 
sity. It should be noted, however, that Fabee’s investigations 
were made chiefly on excised frog nerve, the curves of which, as 
previously pointed out, generally show a "pente limite” or "mini- 
mal current gradient” — the basis of Fabbb’s method of deter- 
mination in the form indicated by him — whereas a minimal 
current gradient is lacking in the curves for mammalian nerves. 
(See the preceding chapter). The only complete accommodation 
curves which have hitherto been recorded in investigations on 
man, namely those of Libbbson (1934), likewise lack a minimal 
gradient. 

Thus presumably it is not possible to determine a "constante 
lineaire’\ as defined by Tabbe, for the nerves and muscles of man. 
The values gi ven by Fabbe for the accommodation, however, are 
in good correspondence with later investigations, presumably 
because the stimulating current was not sufficiently strong to 
break down the accommodation. Hence, as in other methods of 
determination, the accommodation was actually computed from 
the linear initial part of the accommodation curve. 

ScHEiEVEB (1932) computed his " Einschleiclizeit” at the motor 
point of the muscuhis biceps of 6 individuals. The values ranged 
between 13.0 and 32.1 msec. The largest normal material, how- 
ever, has been collected by Sobandt (1936 a), who computed the 
time-constant of accommodation A on the nervus ulnaris with the 
electrode at the elbow, and with a minimal palpable twitch in 
the tendon of the musculus flexor carpi ulnaris as an index of the 
excitatory effect. His material comprised 13 men and 3 women. 

2— 441312 
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on two healthy subjects, in fact succeeded in reducing A from 
66—60 to 37 — 45 msec, by experimentally induced acidosis, 
resulting from the administration -per os of 10 gm CaClj and 10 
gm NHjiCl. Finally, an administration of 60 gm sodium carbon- 
ate caused A to rise from 70 to 140 msec. 

In muscle degeneration due to peripheral nerve lesions and in 
myotonia, qualitative changes in the reaction to stimulation Ttdth 
slowly rising currents have -long been known. Thus Reiss (1911), 
Lapicqde (1916, 1940) and others, have established that a muscle 
which shows a reaction of degeneration responds to the stimulus 
in the shape of a slowly rising current at a threshold lying near 
that of the instantly rising current, which signifies that the accom- 
modation is slow. This observation, however, has been little util- 
ized in diagnostics. Lapicque (1916, 1940) has also pointed out 
the desirability of using slowly rising currents in electrotherapy, 
which facilitate selective stimulation of the injured muscle, be- 
cause the normal muscle, owing to its more rapid accommodation, 
will not respond to the stimulus. In this way disturbing twitches 
of healthy muscles will be obviated, besides which the slowly 
rising current is less painful. 

The myotonic muscle- has no capacity for accommodation, as 
has been sho-wn by PXssiiER (1906) and afterwards by Rrameb 
and Selling (1912), etc. This fact has acquired greater interest 
since Bbown and Harvey (1939), in experiments on myotonous 
goats, and Buchthal and Clemmesen (1941), in man, have found 
that the myotonic contraction and the myotonic reaction to arti- 
ficial excitation is accompanied by a series of action potentials, 
as in tetanic muscle contraction: a repetitive response to excitation 
is in fact rendered possible by the slow accommodation. — The 
study of neurogenous muscle degeneration or of the myotonic 
muscle is, however, beyond the scope of this paper. 

It should he mentioned that some of the results reported 
here have been briefly summarized in the proceedings of the 
Swedish Neurological Society, 1943. 


11. Tecliiiiqne of incusiireincnt of 
accoinmodation. 

1. Stimulaiing apparatus. 

As stimulating currents of different rates of rise, cxponentiallj 
increasing currents have been selected for two reasons. Firstly, 
they are, tecbnically speaking, inucb easier to produce tlinn line- 
arly increasing currents; and secondly, nearly all the material for 
comparison has been obtained with currents of the first-mentioned 
land. 

The stimulator' used for this purpose has been constructed b}* 
Mr E. T. Helme, the physicist of the Neurophysiological labora- 
tory. In its design, due regard has been paid to the desirability 
of reducing, as far ns possible, the effect of the resistance of the 
sldn, and of changes in that resistance, on the form and strength 
of the stimidating current. A description of the apparatus has been 
pubUshed by GKiVNiT and Skogluxd (1912), in the Swedish lan- 
guage. It is shown in outline in Fig. 3. 

The principle on which the apparatus operates is briefly as 
follows. In rest the anode current from the pentode valve (P) is 
completely blocked by a just sufficiently strong negative po- 
tential on the grid. K the contact (B) is closed and no condenser 
(C) is connected to the circuit, the grid of the pentode valve is 
immediately charged and a constant anode current with the rising 
time 0 is obtained at the stimulating electrodes (E). If '*'hc con- 
tact (B) is closed while a condenser (C) and a resistance (B) art 
connected to the circuit, the grid will not be charged imme- 
diately, but after a time-lag, as the potential in the condenser 
rises exponentially vith a time-constant CR. (If C is the capa- 
city of the condenser in microfarads and R the resistance in 
thousands of ohms, the constant CR is obtained in. msec.) 
Thus, by connecting a condenser of suitable capacity in the grid 


The stimulator was built by the Ann Svenska Radioaktiebolaget, Stocfcbolm. 
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circuit, tlie required rising time can be obtained. This principle 
bas previously been applied, for example, by Kahlson and v. 
Webz (1936). In order to obviate deformation of tbe stimulating 
current owing to tbe non-linear properties of tbe valve, a resist- 
ance (D) of sufficient value bas been connected in tbe lead to 
tbe cathode of tbe valve. 

In order to avoid stimulation on tbe breaking of tbe current, 
tbe condenser (C) is discbarged over tbe resistance R -f R', wbicb 



Fig. 3. Diagram of stimulator. Description in text. 


causes tbe current to fall exponentially by a time-constant wbicb 
is larger than when it rose. Tbe apparatus is designed for operation 
by alternating current and for connection to tbe mains. 

Owing to tbe bigb internal resistance of tbe valve employed 
(EF 14. Telefunken), viz. about 150 000 obms, as well as tbe resist- 
ance of tbe sbimt of 100 000 obms (wbicb is bigb relatively to tbe 
resistance of tbe sldn and tbe tissues), tbe anode current is forced 
as to more tban niue-tentbs tbrougb tbe stimulating electrodes 
to tbe tissues. Owing to this arrangement, tbe form or strength 
of tbe stimulating current will be less affected by changes in resist- 
ance or by tbe polarization and capacity in tbe skin tban would 
otherwise be tbe case. In tbe next chapter, these factors have 
been experimentally analyzed. 

Only monopolar stimulation bas been employed, with tbe cath- 
ode as tbe ^'active^^, and tbe anode as the ''indifferent”, electrode. 
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The cathode consisted of a thin plate of silver at the bottom of a 
thin, round, cup-shaped ebonite cap, filled with asbestos. Its dia- 
meter was 1.6 cm for stimulation of the nerve and 2 cm for stimu- 
lation of the muscle. As an indifferent electrode, a thin silver 
plate of 9X10 cm*, covered with chamois leather, was employed. 
It was fixed with a gauze bandage on the forearm or leg. Both 
electrodes were moistened before use with a 4 % sodium chloride 
solution. 


2. Control ol stimulating apparatus. 

The form of the exponentially rising currents is expressed by 
the equation: 

I = Ico (1— e-*"^), 

where I is the intensity of the current at the moment t, Ico the 
final value of I at t = oo, k the time-constant of rise of I, and e 
the base of the natural logarithm (2.718 approximately). Putting 

63 2 

t = k, we obtain I = — ^ Ico , whence the time-constant of rise 

100 

is the time taken by the current to acquire 63.2 per cent, of its 
full value; k is = EC. 

Currents of different time-constants and strength were recorded 
photographically with a cathode ray oscillograph and the beam 
was made intermittent with a Philips' sinus current generator, 
for the purpose of time records. (Fig. 4.) 

The frequency of the sinus generator was calibrated against the 
alternating current of 50 periods in the mains. Photographic 
records were taken with a non-inductive resistance of 1 000 — 
20 000 ohms and with the experimental subject connected, as in 
measurement of accommodation in the circuit, in series with the 
oscillograph. No differences in the form or time-constanta of the 
currents could be observed, whence a resistance of 1 000 — 20 000 
ohms, or the resistance of the skin, has no effect on the form or 
rate of rise of the current. The records moreover show that, when 
the current has acquired its full strength, it remains constant 
sufficiently long for its strength to be read on the meter. The 
strength of the current read is thus independent of any variations 
in the resistance of the body which may have been caused by the 
current. This observation has been controlled as regards the 
current strengths usually employed, ^’iz. 0.25 — 5 mA. 
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Pig. 4. Oscillograms of rheobnso and exponentially rising stimuli. Subject in seiies 
with stimulating electrodes. Uppermost curve rheobasic stimulation, the follow- 
ing curves taken with the time constants 10.21 and 98 msec. 

The time-constants computed from the records give the same 
result within 5 per cent, as if they had been calculated as RC. 
Finally, the theoretical exponential curve of a time-constant, 
selected among those obtained from the photographic records, 
was constructed. The photographically recorded curve coincides 
with the ideal curve, except for an insignificant distortion due to 
the valve. Moreover the curve which shows the relation between 
grid potential and stimulating current, is practically linear, which 
likewise indicates that this distortion is negligeable. 


3. Procedure. 

Most of the measurements of accommodation recorded in this 
paper were made on nerves and muscles in the arm. The experi- 
mental subject sat at a table opposite the experimenter and usu- 
ally made the records himself with his right arm: hence it was 
chiefly the left arm that was examined. No other assistance is 
req[uired in these experiments. 

A nerve or motor point is first selected, whereupon the "active^' 
cathode is fixed on it with one or two strips of plaster. It had in 
fact been found that if, as in measurements of the chronaxie, one 
endeavours to hold the electrode manually, it will be difficult 
and laborious to obtain good accommodation curves, besides 



i;fao KUGHMjrJiO. 


24 

wliicli further assistance is then usually required. The fkaticui of 
the electrode in this manner doe.s not indeed afford any reliable 
guarantee that it will not cliange its position during the coun-e of 
the measurement. Ehoohasc control:) made during the meaMjre- 
ment show, however, that dislocation:) of the electrode are tinusu.-t!, 
pro\ddcd that the part of the body in which it has been fl.-ted is 
kept perfectly still. 

In certain circumstances, however, the ,d<‘f-trode cannot be 
fixed with strips of jdaster. In the .stimulation, esperialiy in cor- 
pulent individuals, of deep-lying nerves fueh as the tibsal n“r.'e, 
or of the brachial ple.viis .and radial m-rve in !nu«:enl!ir le nons, 
it ^rill be found necessary to press in the elect n/de roinewlmt itv 
hand, in order to avoid the u*;" of strong and painful stimuhilng 
currents. 

In such experiments due regard .should also be jtaid to ti-e fact 
that the accommodation is rapidly changed by disturbatn;.- in 
the circulation; the prc.'o^urc should therc-fore be veeak and be 
applied each time for some tens of .seconds only. 

Importance has been attached to uniformity in the nw.asure- 
ments. Thus all thrc.diolds xvere determined by stimulating with 
current.s wliich were being gradually inerca^'^d in .“trength. .Suffi- 
ciently long pausc.s were made between e.nch .*)titnuhuior.: wdth 
weak currents, as is generally known, the thresholds arc usually 
determined too low, if the stimuli follow clos‘'ly on on*' .another. 
On the other hand, when strong currents of .several tin;e<; the 
rheobase are u.'-cd, e.speciolly under pathological conditions, the 
stimulus is usually followed by a decroa"" of excitabilitv w-lueh 
lasts several seconds: the thre.riiolds will th.erefore, inst''a'.d, be 
too high if a sufficient, length of time i< not allowed to dapfe 
between each stimulus. 

When the "active” electrode can be fixed with strips of plaster, 
as is generally the case, a desired number of points on the accom- 
modation curve can easily be detomuited. A typical example is 
shown in table II, The curve traced in accordance with. the--*j data 
will he found in Pigs, o and 6. 

The rheobase is first determined, and then the thresholds of 
currents of increasing time-constants. Tlie value of the threshold.^ 
is read in mA. At suitable intervals, as indicated by the ^^'|)ical 
example, the experimenter should make sure that the rhcob.aso 
has not changed. Should the difference between two succeeding 
determinations of the rheobase amount to more than 10 per cent., 
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Tnblo II. 

Example of data obtained by exciting the ulnar nerve at the elbow. 
Index of nerve excitation: minimal twitch observed in muse, inieross. 

[dors. 1. 


KG. 

Tlireshold 

Threshold 

(m. sec.) 

(m. A.) 

Rheobase 

0 

1.5 

1,00 

10 

1.0 

1,07 

21 

1.0 

1.27 

30 

2.1 

1.40 

0 

1,5 


42 

2.4 

1.60 

48.5 

2.G 

1.73 

0 

1.5 


73 

3.1 

2.07 

98 

3.6 

2.40 

200 

4,6 

3.07 

300 

5,0 

3.33 

0 

1,5 



Initial accommodation slope = 17.2 


the intermediate determinations of threshold should be repeated, 
la certain pathological conditions, however, such as neurogenous 
muscle degeneration and tetany, where the thresholds sponta- 
neously fluctuate far more than normally, such precision cannot 
be maintained unless the rheobase controls are made at more 
frequent intervals than in the typical example. 

The absolute value of the thresholds indicates merely the cur- 
rent strength vrhich passes the stimulating electrodes. What ac- 
tually passes the stimulated tissue is, of course, unknown and 
depends on a number of variable factors, such as the distance 
from the electrodes, etc. As the distribution of current during 
a series of observations should be assumed to remain mchanged, 
the relation between the currenc which actually stimulates and 
that which flows through the electrodes is constant. In order to 
obtain a quantitative value, the thresholds of the exponential 
currents are divided by the rheobase. In tracing the accommoda- 
tion curve, the relative strength of current is plotted on 1 mm 
square-ruled paper as an ordinate, with the time-constant of the 
current as the abscissa. The slope of the linear part of the curve 
is taken as a gauge of the accommodation. In practice it has been 
determined by stimulation with currents of the time-constants 
10, 21, 30, 42 and 48.5 msec., except in cases where the electrode 
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Tln'-COKf.itl if C-STTl-St t'<« 


Fig. 5 . Diagram illustrating calrtilatioa of '‘aeri'mrn'xistion Thf rr<-!!- 

linear portion of the curve li.sa Ix-en prolongr'i to torrr^jiCirsd to IW trifle.. 
calculated from ordinate 1, tvliich re^r'-nt* rltml)^*;? ftn>r.gth, 'fh'- o.titnste 
drawn in broken linos ahows the noml»-r of rl'-i'obtsic units jvr ICO 
and corresponds to 17.2 rhoobn‘ic imita per srr. 

could not 1)0 fixed. The slope was tlien computed l>r repeated 
determinations of the threshold for the stimulating current of 
48.5 msec., with rheohase controls before tmd after c.ach deter- 
mination. 

The slope was computed by prolonging the rectilinear portion of 
the curve and graphically reading by bow many rheoba^es this 
linear part had risen in 100 or 1 000 msec, (.see Fig. 5). In this 
paper the slope has been defined a.s the number of rheobases per 
1 sec. If it is desired, instead, to express the accommodation in / 
and msec., one should take the inverted value of the .slope, mul- 
tiplied by 1000. 


4 . Accuracy of tlio method.* 

In order to compute the standard error of the method, double 
determinations were made, in the course of the work, on 21 healthy 
subjects (see tnble III). The first 11 determinations recorded in 
the table were made on the ulnar nerve, stimulated somewhat 
proximally of the elbow, ^vith a minimal twitch in the tendon of 
M. flexor c arjd ulmris, palpable at tbc wrist, as an inde.x. The 

+ bconard Goldberg for nssistance in the statislicil 

treatment of the data. 
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10 following determinations were made by stimulating a motor 
point of M. flexor digitorum sublimis, dig. 3 — f, with a minimal 
observable movement of tbe finger as an index. The electrode was 
removed after tbe first determination, and a nerve or motor point 
was again selected after tbe lapse of a few minutes. Ho statistic- 
ally significant difference was found between tbe first and 
second determination. 


Table HI. 


Double determinations of initial accommodation slope. 


Case 

Determination I. 

Determination IT. 

B 

Slope 

E. 

Slope 

I 

1.1 

19.5 

0.8 

17.8 

2 

Discarded 
breaks in 

owing to 
tho curve. 

— 

— 

3 

1.3 

20.C 

1.2 

21.5 

4 

1.0 

19.0 

1.2 

17.8 

5 

1.2 

18.4 

1.2 

17.0 

6 

1.3 

25.4 

1.7 

25.8 

7 

1.5 

26.5 

1.5 

23.8 

8 

1.5 

27.5 

1.5 

29.0 

9 

1.4 

23.0 

1.5 

24.7 

10 

0.9 

16.4 

1.2 

17.0 

11 

1.1 

18.5 

1.0 

18.3 

12 

0.9 

19.7 

0.8 

18.C 

13 

2.2 

23.4 

1.8 

24.8 

14 

1.2 

23.5 

1.3 

22.7 

16 

1.5 

22.0 

1.4 

24.6 

16 

2.0 

22.0 

1.8 

22.5 

17 

1.5 

25.4 

1.8 

27.4 

18 

0.5 

14.5 

O.C 

13.5 

19 

2.2 

28.8 

2.6 

26.3 

20 

1.9 

22.2 

1.2 

22.2 

21 

1.7 

26.5 

2.0 

28.2 

Mean 22.2 


Standard error of a single determination i 1*00 or i 4.9 % of the mean. 


Tbe accuracy of tbe method was 6 per cent. 


5. Effect of position of stimulating electrode relatively 

to nerve. 

As most of tbe determinations recorded in tbis paper wem 
made at a nerve point, it is tecbnicaUy of interest to ascertain 
whether tbe accommodation is independent of tbe position of tbe 
electrode relatively to tbe nerve, and thus independent of wbat 
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fraction of the rheobase is shunted. For this purpose the ac- 
cominodation was computed in 2 individuals, alternately at a 
nerve point and a few centimetres to the side of it, in the ulnar 
nerve at the elbow. A minimal palpable twitch in the tendon of 
M. flexor carpi ulnaris was taken as an index. Five double deter- 
minations were made on each experimental subject. See table IV. 

Table lY. . 

Initial accommodation slope obtained on excitation of a rnerve points 
and at a distance of a few centimetres from it. 

Nervus ulnaris excited at the elbow. Index: minimal palpable twitch in the 
tendon of muse, flexor carpi uhmns. 


Case 

At the 

- 

“nerve point” 

At a distance from thoj 
“nerve point” 


B. 

Slope I 

R. 

Slope 11 1 


O.G 

25.0 

1.0 

1 

24.8 


O.G 

22.G 

1.8 

21.5 

1 

0.7 

23.0 

1.4 

20.8 


0.7 

22.4 

4.3 

21.8 


0.7 

21.2 

1.2 

23.2 


1.2 

24.7 

1.0 

25.2 i 


1.1 

20.8 

3.G 

24.6 I 

2 

1.4 

26.5 

2.8 

24.7 ! 


1.3 

25.8 

1.9 

20.3 f 


1.1 

25.9 

4.5 

26.5 j 


Mean difference of elopes (II — J) -f 0.15 

Standard error of mean differenco .... 0.5” 


Thus there is no statistically significant difference between the 
values obtained on stimulation at a nerve point or beyond it. 
However, one should always endeavour to stimulate at a nerve 
point in order to avoid unduly strong currents. Besides, it is 
then easier to keep the rheobase constant during the determina- 
tion, as a minor dislocation of the electrode at a nerve point 
appears to result in a smaller change of threshold, than is the 
case if the electrode is placed outside that point. 



III. Accommodation under normal conditions. 

A. Motor Nerv’^es. 

1. The nccommodation curre. 

Typical nccommodation curv^es from different nerves are shown 
in Fig, 6. 

The curve leaves the abscissa at a point which is the ‘"seuil de 
clitnalysc” of Laticque. It then takes a linear course and rises 
rather steeply. The accommodation is thus good. In such cases 
the nerve adapts itself rapidly to the stiipulus, whence the 
muscle response will be a short distinct twitch, the threshold 
of which can be easily observed. 

For longer rising times (normally not less than 50 msec.), the 
curve gradually bonds away and takes a more horizontal course. 
In the terminology of Berxhard, Grakit and Skoglxtnd (1942), 
the accommodation is broken down. The curve, however, never 
becomes quite horizontal; thus some capacity for accommodation 
always remains, though the stimulus can no longer be counterac- 
ted so rapidly; pending such adaptation, the nerve responds with 
iterative impulses, whence the muscle response is a slow contrac- 
tion or, more .strictly, a brief tetanus. In such cases it is difficult 
to deternune the threshold exactly. 

Though it is not possible to .show exactly on the curve at what 
relative strength of current the breakdown takes place, this is 
e%ddently a factor which normally varies wnthin relatively narrow 
limits. Where the stimulating currents range between 2.5 and 6 
times the rheobasic strengtli, the curve definitively takes a more 
horizontal course. With a few exceptions, there is a close connec- 
tion between the slope of the accommodation curve and the break- 
down; the slower the accommodation, the sooner does the break- 
down occur. On stimulation of the facial nerve, however, steep 
slopes showing a breakdown at 2. 5 — 3 times the rheobasic strength 
are sometimes observed. (For further particulars see p. 38.) 
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Time-conalant ol current rise 

Kg 6. Typical accommodation curves from motor nerves. 1) n. facialh-mvsc. ffr)n- 
cularis oris. Initial slope 40.5. 2) n. vlnaris-tendon trritch of muse. flex. carp, 
uln. Slope 26.6. 3) another subject, n. ulnaris-mmc. inteross. dors. 1. Slope 17.2. 

It may be asked in. wbat relation the tbxesbold of the catbodal 
closing tetanus stands to tbe breakdown. IFrom a practical, 
clinical point of view, tbe catbodal closing tetanus may be defined 
as tbe tbresbold of a suddenly rising current strong enough to 
elicit iterative impulses of sufficient duration to be observed as 
a tetanus. Tbe violent initial contraction in tbe muscle, however, 
greatly impedes tbe observation of tbe tetanus, whence the deter- 
mination of its threshold will be somewhat arbitrary. It is also 
clear that suddenly rising currents of a strength exceeding the 
threshold for tbe breakdown elicit a tetanus, as they can no longer 
be so rapidly counteracted by accommodation. It may thus be 
stated that tbe threshold of tbe catbodal closing tetanus, in general, 
cannot exceed tbe tbresbold for tbe breakdown. In all my experi- 
ments tbe values of tbe catbodal closing tetanus and the break- 
down of accommodation have approximately corresponded. The 
catbodal closing tetanus therefore also lies between 2.5 and 6 times 
tbe rheobasic strength. 

2. Limits of variations. 

Tbe accommodation slope was determined in tests on 100 healthy 
subjects, 50 men and 60 women, at tbe ulnar nerve, which was 
stimulated somewhat proximally to the elbow, with a palpable 
twitch in tbe tendon oi muse, flexor car'piuhwrias index. Tbe “slope” 
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Table T. 

Normal values of the initial accommodation slope recorded for healthy 
male subjects. Determined on Nervus ulnaris excited at the elbow. 
Index: minimal palpable twitch in the tendon of mxtsc. flexor carpi 

■ulnaris. 



\ e. 


< . 

8 . 

9. 

10 . 
11 . 
12 . 

13. 

14. 
I.-;. 
IC. 

17. 

18. 

19. 

20 . 
21 . 
oo 


= 23. 
i 24. 
1 -o. 

: 20 . 
' 27. 
; 28. 
i 29. 
i 30. 
! 31. 
I 32. 

33. 

34. 

35. 
30. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 
40. 

47. 

48. 

49. 
50.. 


Bale; 

Ago: 

Hheobasc: 

Initial j 
filopo: j 

22. 7. 

1942 

26 

2.5 

31.2 

0. 10. 

* 

26 

1.5 

30.5 

10. 10. 

» 

3C 

I..-; 

20.O 

26. 9. 

» 

26 

l.i 

24.8 

15. 9. 


25 

1.2 

24.8 


« 

25 

l.G 

24.5 

8.4. 

% 

27 

1.5 

24.4 

14. 4. 

f 

25 

1.4 

24.4 

10.4. 

> 

29 

2.0 

24.0 

15. 0. 

» 

25 

1,1 

24.0 

9. 10. 


25 

1.5 

24.0 

00 7 

• • 

» 

31 

2.3 

23.5 

9. 10. 

» 

24 

1.1 

23.5 

14. 4. 

> 

3*’ 

1.3 

23.3 

26. 9. 

* 

’23 

1.3 

23.3 

14.4. 


20 , 

0,75 

23.1 

1C. 9. 

f 

2-1 

2.3 

23.1 

9. 10. 

» 

24 

1.4 

22,0 

14. 4. 


24 

l.l 

22.0 

24.7. 

» 

20 

1.3 

22.0 

20. 9. 

« 

36 

1.2 

21.8 

11.4. 

• 

27 

0.0 

21.G 

16. 9. 


24 

2.1 

21.4 

22. 9. 

> 

26 

0.7 

21.0 

18. 9. 

» 

30 

1.0 

20.8 

14. 4. 


30 

1.0 

20.4 

11.4. 


26 

1.2 

20.3 

11.4. 

» 

24 

0.5 

20.2 

13.4. 

» 

25 

0.7 

20.0 

23. 7. 


26 

1.7 

20.0 

IS.O. 


20 

0.8 

19.G 

29. 4. 

f 

26 

1,5 

19.C 

18. 9. 


26 

1.1 

19.5 

10. 4. 


23 

1.1 

19.3 

9, 10. 


25 

1,5 

19.2 

30. 7. 


25 

1.0 

18.9 

22. 7. 


24 

1.3 

18.C 

24. 7. 

• 

26 

0.7 

18.5 

9. 10. 

• 

20 

1.4 

18.4 

24. 9. 

» 

29 

1.7 

18.3 

9. 10. 

> 

26 

0.0 

18,2 

24. 9. 

> 

20 

1.1 

18,1 

20. 7. 

f 

25 

1.2 

17.8 

10. 4. 

» 

24 

0.7 

17.4 

23.4. 

t 

37 

1.4 

17.4 

10. 9. 

> 

23 

1.3 

17.3 

14. 9. 

» 

27 

0.3C 

17.2 

30. 6. 

• 

23 

O.O 

17.0 

18. 9. 

t 

39 

0.0 

16.0 

14. 4. 

» 

26 

1.4 

16,0 


Mean vftluo 21.2 

Standard deviation .......... 3.72 

Standard error of the mean. . oilC 
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Table YX. 

Normal values of the initial accommodation slope recorded for healthy 
female subjects. Determined on Nervus ulnaris excited at the elbow. 
Index: 'minimal palpable twitch in the tendon of muse, flexor carpi 

ulnaris. 


Case: 

Date: 

Age; 

Bheobase: 

Initial 
Slope; ; 

1 

11. 9. 
7. 4. 

1942 

23 

1.1 

26.4 

25.6 

2 

» 

24 

1.5 

3...... ; 

12. 9. 
31. 10. 
10. 4. 


21 

2.6 

25.0 

25.0 

24.C 

24.5 

24.5 

24.5 

24.3 

24.2 

24.1 

23.8 

23.8 

4 

9 

22 

1.5 

5 


23 

2.3 

1.9 

2.0 

1.4 

2.3 

1.5 

2.1 

1.5 

1.1 

1.7 

2.0 

1.1 

7 n 

6 

24. 7. 


26 

7 

31. 10. 
19. 11. 
12. 9. 

9 4. 


20 

8 


30 

20 

27 

24 

25 

21 

25 

31 

28 

23 

20 

23 

27 

23 

25 

9 


10 


11 

11. 9. 

7 4. 


12 


is::..::;::::; 

11. 9. 
11. 9. 

11. 9. 
24. 9. 

12. 9. 
28. 10. 
26. 10. 
11. 9. 
11. 9. 
19. 11. 
28. 10. 

11. 9. 
4. 10. 
4. 10. 

12. 9. 
14. 4. 
12. 9. 
14. 4. 

4. 11. 
12. 9. 
12. 9. 
21. 10. 
19. 11. 

19. 11. 
12. 9. 
28. 10. 
26. 9. 

9. 4. 

10. 4. 

20. 11. 
4. 10. 

11. 9. 

11. 9. 
21. 11. 

12. 9. 

ISO 


14 


15 



16 


OO A 

17 



18 




19 


1 1 


20 




21 




22 



22.0 

21.8 

21.5 

21.4 

21.3 

21.2 

21.1 

21.0 

20.8 

23 



24 


24 

0/4 

I.O 

25 



26 



1.5 

97 



1.7 

1.8 

1.3 

1.5 

1.5 

1.4 

1.3 

1.2 

1.1 

1.0 

1.4 

1.8 

2.0 

28 



29 



30 



31 



32 


Zo 

20.8 

33 

* 


20.7 

34 



20.C 

35 

* 


20.5 

36 

* 


20.5 

37 



20.5 

38 



20.4 

39 



20.4 

40 

* 

iSv 

l.G 

1.4 

20.2 

41 


£tl 

20.0 

42 

* 

21 

24 

23 

29 

30 

24 

30 

35 

22 

26 

1.3 

20.0 

43 


2.0 

19.8 

44 


1.7 

19.0 

45 


1.9 

18.6 

46 


1.2 

18.0 

47 


1.1 

17.8 

48 


1.7 

17.8 

49 

n in 


1.7 

17.5 

50 

20. 7. 


1.0 

17.5 


* 

1.5 

16.0 


Mean value 21 c 

Standard deviation 2.40 

Standard error of the mean. . oisi 
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of the accommodation curve has been defined as the multiple of 
the rheobase reached at 1 sec. and obtained by graphical extrapola- 
tion of the initial rectilinear portion of the curve (see Fig.6.) 

The average for the men is 21.2 ^ 0.46, with the standard de- 
viation 3.27. The average for the women is 21.6 0.34, with the 

standard deviation 2.40. Thus in this material there is no statis- 
tically significant difference in the average values for men and 
women. The limits for the total number of cases were 16 and 31.2, 
whence there is some distortion to the left in the distribution of 
the values roimd the mean value. Values under 16 have never 
been observed by the author in normal conditions, and even 
16 is doubtful. The female case in the table wdth the value 16 
showed positive Trousseau and Chvostek signs, and thus had 
symptoms of a deficiency of ionized calcium. There is no 
correlation between the value of the rheobase and the slope. 


3. Variations in accommodation in tlie same individual 
during a period of some length. 

In order to obtain some idea as to how far the accommodation 
varies in the same individual during a period of some length, it 

Table VII. 


Variaiions in ihe initial accommodation slope during a period of 

some length. 


Date. 

[nit. aco. slope deter- 
mined on the nlnar 
nerve. 

Date 

[nit. acc. slope determined at 
the motor point of muse. flex, 
dig. subl. 

Case M-r 

A-m 

Case M-r 

F-d. 

K-n. 

21. 1. 43. 

28.0 

24.5 

16. 3. 42. 

20.4 

22.9 

25.0 

28. 1. 

26.4 


18. 3. 

20.4 

21.3 

25.7 

3. 2. 

23.8 

25.5 

20. 3. 

21.8 

20.8 

23.9 

5. 2. 

— 

21.0 

23. 3. 

22.0 

20.0 

28.5 

16. 2. 

24.1 

24.2 

26. 3. 

23.3 

22.8 

22.8 

19. 2. 

24.6 

— 

28. 3. 

22.9 

— 

23.0 

20. 2. 


23.8 

30. 3. 

23.0 

22.5 

23.5 

2. 3. 

23.0 


2. 4. 

22.5 

— 


16. 3. 

26.5 

21.2 

4. 4. 

— 

21.3 


6. 4. 


21.0 

8. 4. 

22.5 

23.4 



27.8 


10. 4. 

— 



23.7 




11. 4. 

23.8 

21.8 






13. 4. 

23.3 

— 






14.4. 

— 

23.5 






17.4. 

26.0 

26.0 

26.4 


Standard devia- 
tion 1.59 1.47 1.49 1.G3 1.S7 


B— 441312 
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■was repeatedly measured in tlie course of about one month, in 
tests on 4 healthy -women of the age of 25; in 2 cases on the ulnar 
nerve, ■with a palpable mimmal twitch in the tendon of jnusc. 
flexoT ccLT'pi ulnciTis as an index, and in 3 cases at the motor point 
of muse, digitoTum sublimis dig, 4, with a minimal movement of 
the finger as an index. 

The standard de-viations were 1 . 59 , 1 . 47 , 1 . 49 , 1.63 and 1 . 87 , 
respectively. As the error inherent in the method itself is 1.09 
(see p. 24), one can calculate the magnitude of the variations 
in these series which were due to changes in the accommodation 
of the nerve. They were found to be 1 . 4 — 1 . 5 , or 6 — 8 per cent, of 
the mean value. 


4. Comparison between the accommodation in short and 
long nerve fibres within the same nerve. 

By stimulating the ulnar nerve at the elbow or the median 
nerve in sulcus bicifitalis medialis, long fibres to the hand 
muscles and shorter fibres to the muscles of the forearm can easily 
be stimulated under fairly identical conditions. The accommo- 
dation slope determined with a twitch in a hand muscle as an 
index thus refers to the longest fibres in the nerve, whilst the 
slope' determined -with a Wteh in a forearm muscle as an index 
refers to the shorter fibres. 

The results of the measurements of accommodation in short 
and long fibres of the ulnar and median nerves of healthy subjects 
are summarized in tables VIII and IX. Eor muse, flexor carfi 
ulnaris, muse, flexor carpi radialis and muse, pahnaris longus, a 
mi n imal palpable twitch in the tendon of the respective muscles 
was taken as an index; for muse, flexor digitorum sublimis et pro- 
fundus, muse, opponens pollicis, muse, abductor pollids brevis and 
muse, adductor pollicis, a minimal movement of the finger; for 
muse, interosseus dorsalis 1, a directly observable minimal con- 
traction. 

The tables show that the accommodation, measured as above des- 
cribed, is poorer in the long fibres of the ulnar and median nerves 
chan in the short ones. The difference is statistically significant. 
Futhermore, the breakdown of accommodation has been fo'und to 
occur at somewhat lower relative current strengths in the long 
fibres than in the short ones. 
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Table YIIL 


Comparison between the initial accommodation slope determined on 
short and long fibres in Nervus ulnaris, excited at elbow. 


Case 

Index: contraction of 
M. fl. carp. uln. 

Index: contraction of 
M. add. poU. 

Index: contraction of 
M. interossei. 

E. 

Slope I 

. E. 

Slope II 

K. 

Slope m 

1 

1.0 

22.5 

0.8 

20.0 

0.85 

18.6 

! 2 

1.0 

22.5 

0.9 

19.8 

0.09 

20.4 

i 3 

1.5 

28.5 

1.5 

21.0 

1.0 

22.5 


1.6 

25.8 

1.6 

19.2 

1.6 

13.2 

! 5 

1.1 

18.0 

1.1 

16.0 

1.1 

14.8 

6 

1.3 

21.1 

1.3 

17.4 

1.3 

16.5 

7 

1.6 

24.5 

l.G 

17.4 

1.3 

17.2 

; 8 

1.3 

18.6 

1.0 

15.1 

1.0 

16.5 

9 

1.3 

22.0 

1.5 

18.0 

1.5 

16.0 

10 

0.8 

19.6 

0.75 

15.1 

0.9 

13.6 

f 11 

1.4 

22.6 

1.1 

19.4 

1.1 

19.2 

; 12 

1.5 

30.5 

1.4 

22.6 

1.8 

24.2 

13 

1.5 

24.0 

1.2 

21.7 

1.1 

19.5 

14 

1.3 

28.5 

1.1 

23.5 

1.2 

23.0 

15 

1.1 

23.5 

0.9 

18.6 

1.1 

16.2 

16 

1.4 

18.4 

1.3 

13.2 

1.2 

14.5 

17 

1.4 

22.0 

1.1 

16.0 

1.4 

19.0 

18 

1.4 

24.5 

1.6 

19.8 

1.6 

23.0 

19 

0.7 

21.7 

0.75 

18.C 

0.8 

18.2 

20 .... . 

1.1 

20.5 

1.1 

15.0 

1.1 

15.0 


Mean value 23.0 

Mean difference 

Standard error of inean differ- 
ence .' 


18.3 

— 4.7 (II— I) 


0.39 


18.1 

—4.9 (m— D 

0.55 


Table IX. 


Comparison between the initial accommodation slope determined on 
short and long fibres in Nervus medianus, excited at the medial 
edge of muse, biceps brachii. 


Case 

Index: contrac- 
tion of 

• 

E. 

Slope I 

Index: contrac- 
tion of 

E. 

Slope n 

1.... 

M. palm. long. 

1.4 

19.8 

M. abd. poll. brev. 

2.5 

17 

2.... 

M. flex. carp. rad. 

1.7 

23.1 


1.6 

17.6 

3.... 


3.0 

24 


2.5 

19 

4.... 

M. flex. dig. subl. 

2.3 

23.6 

M. op. poll. 

2.4 

17 

5 


2.3 

30 

M. op. poll. 

2.5 

19 

6.... 

M. flex. dig. subl. 

1.3 

23 

M. op. poll. 

1.8 

17 

7.... 


2.1 

28.5 

M. op. poll. 

2.8 

20.5 

8.... 


1.3 

26 

M. op. poll. 

1.3 

20 

9.... 

M. flex. carp. rad. 

2.2 

28 

M. op. poll. 

2.1 

23 


M. flex. dig. prof. 

3.0 

30 

M. op. poll. 

3.0 

23 


Mean value 25.6 19.3 

Mean difference ' '. — 6.3 (II— I) 

Standard error of mean difference 0.68 


Mean value 25.6 19.3 

Mean difference ' '. — 6.3 (II— I) 
















36 


KniC KUOELnERG. 


5. Comparison between the accommodation in difFerent 

nerves. 

The results of the measurements of accommodation in different 
nerves of the same individual arc summarized in tabic X. The ulnar 
nerve was stimulated somewhat proximally io the elbow, with a 
minimal palpable t^viteh in the tendon of muse, fhj-or carpi vl- 
mris as an index. The median nerve was .stimulated at the medial 
edge of biceps. A minimal observable bending of the finger or 
palpable twitch in the tendon of muse, flexor carpi rndinlis or 
muse, pahmris longus was taken .ns an index. The radial nerve 
was stimulated on the outer side of the upper arm at the transi- 
tion between the di.stal and central third part. An observable 
twitch in the tendon of muse, extensor dujitorum communu or 
muse, abductor poUicis longus was taken as an index. Xercus 
accessorius was stimulated at, or somewhat behind, the rear edge 
of the sternocleidomastoid muscle, with !i minimal observable 
contraction of the trapezius muscle ns an index. Finally, nernw 
facialis was stimulated somcwliat in front of the ear, vdth a mini- 
mal observable twitch in the filtrum, ala nasi or rnentum as an 
index. 

The experimental subjects referred to in table X were patients 
in the Neurological Clinical Department of the Scrafiincr Hospital, 
suffering from herniated muclcus pulposus in the lumbar region, 
lumbago of unknown etiolog}*, neurasthenia and encephnlapathw 
iraximaiica. Two of the cases were surgical, namely a distortion 
of the foot and a status post appcndiciiidcm. 

As will be seen from the table, the median nerve .‘shows a some- 
what better accommodation than the radial ncrs*e, whilst the 
accommodation of the latter nerve is .somewhat better than that 
of the ulnar nerve. Though the differences are sm.nll, they are 
statistically significant., or at any rate probable. There is no sta- 
tistically significant difference between the accommodation as 
measured in the nerves of extensor and flexor muscles on tlie 
forearm. Nervus accessorius shows a somewhat better accommoda- 
tion than that of the forearm nerves, but the difference relatively 
to nervus medianus has not been established with certainty. 
Finally, the facial I'lerve shows the best accommodation of all the 
nerves examined; but tlieir curves often indicate a breakdown at 
a lower current intensity than might have been expected from 
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Table X. 

The iniiial accommodation slope in different nerves of the same 

individual. 


i 

ulnaris 

medianus 

N. 

radiab's 

N. accessorius 

N. 

facialis 

i Case 

1 E. 

Slope 

I 

B. 

Slope 

n 

R. 

Slope 

III 

R. 

Slope 

IV 

R. 

Slope 

V 

1.... O.S 

18.8 

2.0 

21.8 

3.0 

21.8 

1.1 

23.0 

1.3 

34.2 

2.... 1.2 

22.6 

3.5 

23 

3.0 

23 

0.7 

29.4 

2.0 

38,5 

3.... 0.7 

22.0 

1.7 

23.1 

— 

— 

1.4 

31.2 

1.3 

35 

4 2.0 

26.2 

2.0 

28 

2.5 

25 

1.6 

28.5 

0.9 

29.5 

5.... 1.1 

23.0 

1.0 

25 

4.5 

22.5 

0.9 

28 

1.2 

40.5 

6.... 2.5 

18.S 

2.1 

22 

2.1 

20 

1.3 

23 

1.2 

31.2 

7.... 0.9 

19.4 

2.3 

23.0 

2.1 

21 

0.7 

23 

1.3 

31.4 

8 0.9 

26.8 

0.9 

28 

1.7 

25 

0.9 

32 

— 

— 

9.... 1.0 

22.8 

2.3 

30 

3.3 

26 

1.7 

32 

1.5 

32.4 

10.... 1.9 

27.8 

2.7 

31 

2.4 

31 

0.8 

36 

1.6 

40.5 

11.... 1.4 

18.5 

3.0 

24 

2.0 

24 

0.5 

26 

1.2 

34 

12. . . . i 0.9 

22.3 

1.4 

23 

2.8 

21 

0.4 

23 

0.8 

30 

13.... 1.1 

18.0 

l.s 

26.8 

1.9 

20.3 

0.5 

24 

0.8 

26 

14.... 0.7 

22.5 

2.1 

28.5 

3.3 

23 

1.3 

26 

0.9 

29,8 

15.... 1 O.S 

20.3 

1.3 

26 

3.4 

29 

0.9 

27 

0.9 

40 

Mean value . . . . 

22.0 


25.0 


23.8 


27.5 


33.8 

Mean difference 


. 3.0 (II— I) 

l.s (III— I) 

5.5 

(IV-I) 

12.1 (V— I) 

Standard error 

of mean 








difference . . . 


, 

0.C7 


0.77 


0.O2 


1.21 


Table XL 


The iniiial accommodation slope is different nerves on the lower leg. 


Case 



Index: contrac- 
tion of M. 
pcroneus long. 

Index: contrac- 
tion of M. 
gastrocnemius 


Index: contraction 
of 

R. 

Slope I 

R. 

Slope 11 

R. 

Slope III 

1 

Tib. ant. 

1.5 

18 

1.4 

19 

1.7 

19 

2 

Ext. dig. c. 

1.4 

21 

1.8 

20 

1.0 

27 

3 

Tib. ant. 

1.4 

22 

1.0 

21 

2.5 

21 

4 

E.xt. d. c. 

1.6 

19 

1.4 

17 

5.0 

19 

5 

Tib. ant. 

2.1 

20 

1.7 

21 

2.4 

20 

6 

Tib. ant. 

3.0 

22 

2.1 

20 

3.0 

22 

7 

Ext. d. c. 

1.1 

16 

1.1 

17 

2.7 

20 

8 

Tib. nnt. 

3.0 

23 

1.1 

21 

3.0 

23 

9 

Ext. h. 1. 

1.4 

21 

1.3 

21 

3.2 

22 

10 

Ext. d. c. 

1.0 

20 

1.0 

21 

4.2 

18 


Mean value 20.2 19.8 21.1 

Mean difference —0.4 (II— I) — 1-3 (II— III) 

Standard error of mean dif- 
ference ,0.43 0.84 
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their steepness. It had been expected that the hreakdon-ti would 
take place at a relative current .strength of about 4 — 5 times the 
rheobasc: in about 00 per cent, of the ca.'^cs, however, it occurs at 
a current strength of 2.') — 3.*> times the rheobasc. 

The nerves of the leg muscles, as will bo seen from table XT, 
show an accommodation with values corresponding to those of 
the forearm; here too no difference could he ohservecl between the 
nerves of the extensor and flexor mu.sclcs. 

The nerves of the extensor group of muscles and of rnme. 
peroneus hngus were stimulated at the capitiiJtifn fibuloe, and the 
nerve of muse, gastrocnemius at the fossa poplitea. A minimal 
observable muscle contraction was taken ns an index. The tests 
were made on patients without any signs of organic nerve lesion.s. 


B. Motor. PoiiitH. 

I. Introduction. 

After the investigations of Hemak (1855), v. ZiEMSSKN (1885), 
Bourguigeon (1923) and others, it has been a generally accepted 
view that stimulation of a motor point is stimulation ofthcner\’e 
and thus merely an indirect stimulation of the muscle. Anatom- 
ically, the motor point is usually marked by the projection on 
the skin showing the place where the nerve enters, or branches oft 
in the muscle. After Bourguignok most of the numerous deter- 
minations of the clironaxic in man have been made at a motor 
point. The chief reason for this has been that, as the motor point 
is of relatively large extent, any .shifting of the position of the 
electrode there causes a smaller chauge in the rheobasc than at 
the little, sharply delimited nerve point. 

Determination at the nerve itself, as carried out above, is there- 
fore considered to be more laborious, as it is often found that the 
rheobase has changed during the course of the determination, so 
that it has to he repeated. 

There is, however, a rather serious objection to stimulation at 
a motor point, namely the risk that the rheobase and the chron- 
axie may be determined on different organs, as the nerve and 
the muscle here lie in close touch with one another. That this 
actually occurs has been shown, for example, by Peatz (1932), 
Achelis and Buessow (1932) and Buessow (1933). Iiv fact, if 
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complete strength-duration curves are traced, they often have 
a break and are therefore composite curves, as demonstrated by 
Lucas (1907 b) and Eushton (1930, 1931) on frogs. In such cir- 
cumstances the ordinary mode of determination does not show the 
chronaxie either of the nerve or of the muscle, but some inter- 
mediate value. As will be shown, such composite curves are often 
obtained also in measurements of accommodation at a motor 
point, which, of course, complicates this mode of determination. 


' 2 . The accommodation curve. 

If a muscle, e. g. im(sc. biceps, is stimulated beyond its motor 
point, a slow contraction in response to the stimulus is obtained 
even with currents of relatively small time-constants (about 
30 — 50 msec.). After some probing, such a contraction can be 
elicited even by a current of rheobasic strength, as has already 
been observed by Boukguignon and Humbert (1936). The ac- 
commodation curve for stimulation at such points is rectilinear 
and very flat, and apparently does not show any breakdown of 
the accommodation. In fact, even where the time constants of 
the stimulating currents amount to 300 msec., the linearity is 
maintained. Hor with currents up to 15 — 20 times the rheobasic 
strength is any cathodal closing tetanus observed in such cases, 
but merely a slow, though not persisting, contraction. The accom- 
modation is much slower than that of the nerve and has been 
found to lie between 3.5 and 7.5, reckoned as “slope” (see Fig. 7). 

On the stimulation of a motor point, curves of the same general 
form and gradient as those recorded on stimulation of a nerve are 
also frequently obtained. Only the value of the cathodal closing 
tetanus, expressed in the number of rheobases, is apparently 
higher and the closing tetanus, when elicited, of shorter duration. 
However, we also often find curves with a break, the initial steeper 
part of which has been determined ■with a distinct rapid contrac- 
tion as an index, as in the stimulation of nerves, whilst a slower 
contraction has been taken as an index in determining their re- 
maining, less steep, part (see Fig. 7). . , . 

The frequency of curves with a break differs considerably m 
different muscles and is perhaps determined by anatomical factors. 
They are rarely found on the stimulation of the long extensor an 
flexor muscles of the fingers, which have motor points exten » 
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Fig. 7. Accommodation curves obtained by c.vciting nitMc. IWtpK hrnrhii. Curve 
1 and 2 by stimulation of the same motor point, v'ith n minimal shifting of the 
electrode between the two determinations, showing the typical brvak. Initial slope: 
41. Cuiwe .S stimulation outside the motor point, with a slow fa*<eiculnr contrac- 
tion as an index. Slope: 7.4. Curve 4 ditto, from another subject. SIojm- 3.7. 


in the longitudinal direction of the muscles; this is probably due 
to the fact that the nerve lies on the muscle and follotvs it for some 
distance before it branches off. 

On the other hand, on the stimulation of muscles such as 6m- 
chioradialis or flexor carpi ithmris, the muscles of the thigh, ete., 
curves ^vith a break are almost always found, no matter what 
amoimt of care is taken to place the stimulating electrode exactly 
on the motor point. On stimulation of nnisc. biceps, breaks in the 
curve are sometimes found, sometimes not. Generally speaking, 
however, such breaks occur so frequently that it must be consid- 
ered unwarrantable to base the measurement of the accommoda- 
tion on merely a single point in the curve, without making sure 
that the index has been kept constant. 

The occurrence of the above-mentioned tjqjical breaks in the 
curve must be due to the fact that, during the course of the deter- 
mination, different elements w’ere stimulated, first, apparently, one 
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with a low threshold and rapid accommodation. "iYhere the rising 
times are comparatively long and the current sufficiently strong, 
the second element is selectively stimulated: at the outset it 
evidently has a higher rheobase, but, owing to its poorer accom- 
modation, it does not raise the threshold as speedily as the ele- 
ment with the more rapid accommodation. It should be noted 
that the slope of the more horizontal part of the curve with two 
phases is not a quantitative measure of the accommodation in 
the slow element (muscle?) from which it has been obtained. 
The rheobase in fact relates to the initial part of the curve and 
is thus too low; the accommodation therefore is lower than is 
shown by the curve, but other\vise somewhat indefinite. 

It may be asked what is stimulated, the muscle or the nerve, 
when the slow contraction is observed. The most probable explana- 
tion is that we are concerned here with a direct stimulation of the 
muscle, seeing that its response to stimulation is quite different 
from that of the nerve: it shows a bad accommodation, besides 
which it lacks the cathodal closing tetanus and the breakdown 
of the accommodation. It is of interest to note in this connection 
that the idiomuscular response to an extraneous stimulus, as 
clinically tested with a percussion hammer, likewise manifests 
itself as a slow contraction in the stimulated part of the muscle. 
Also the degenerated muscle, in cases of peripheral nerve lesion, 
shows a bad accommodation or none at all (cf. the Introduction, 
p. 19) and responds to electric stimulation with a slow contraction. 
If we now assume, as is the generally accepted view, that the 
reaction of degeneration is the reaction of the denervated muscle, 
we shall gain further support for the supposition that the slow 
contraction, as above described, has been induced by direct stim- 
ulation of the muscle. 


3. Limits of variations. 

The accommodation was measured in tests on 100 healthy 
subjects (medical students or members of the hospital staff) at 
the motor point of muse, flexor digitorum sublhnis dig. 2> -'1, 
■with a minimal movement of the finger as an index. The material 

comprised 50 men and 50 women. 

The average for the men was 23.5 ± 0 . 53 , with the stan ar 
deviation 3 . 72 , for the women 23 . 5 ^^ 0 . 39 , with the standar 
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Table XII. 

Normal values of the initial accommodation slope recorded for healthy 
male subjects. Determined at the motor point of muse, flexor dig. 
suhh S or 4. Index: minimal observed movement of finger. 


Age Bheobaee 



Mean value 

Standard deviation ........ 

Standard error of the mean. 
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Table XIII. 

i^'ormoZ values of the initial accommodation slope recorded for healthy 
female subjects. Determined at the motor point of 7nusc. flexor dig. 
subl. S or h. Index: minimal observed movement of finger. 


Case 

j 

Date 1 


Bheobase 

Initial 

Slope 

1 

28. 3. 

1942 

21 

2.0 

29.1 

2 

14. 4. 

f 

31 

1.3 

28.8 

3.. 

16. 4. 

» 

22 

1.6 

28.8 

4 

16. 4. 


21 

2.2 

28.3 

5 

23. 3. 

♦ j 

22 

1.5 

27.9 

6 

15. 4. 

* 

54 

1.9 

27.5 

7 

30.3. 

» 

24 

2.1 

27.4 

8 

27. 3. 

* 

21 

1.5 

27.1 

9 

28. 3. 

* 

30 

2.1 

26.7 

10 

9. 4. 

• 

27 

0.7 

25.6 

11 

14. 4. 


30 

1.0 

25.0 

12 

10. 4. 

• 

23 

2.2 

25.0 

13 

23. 3. 

* 

28 

2.4 

25.0 

14 

27.3. 


21 

1.0 

25.0 

15 

23. 3. 

» 

21 

1.6 

24.9 

16 

9. 4. 


27 

1.8 

24.5 

17 

15. 4. 


2'’ 

1.4 

24.4 

18.. 

16.4. 

» 

22 

2.0 

24.1 

19 

10. 4. 

» 

27 

2.3 

24.0- 

20 

2. 4. 

• 

30 

1.6 

23.8 

21 

9. 4. 

» 

21 

1.9 

23.8 

■22 

13. 4. 


25 

2.1 

23.0 

23 

27. 3. 


26 

1.9 

23.5 

24 

28. 3. 


25 

1.3 

23.5 

25 

28. 3. 


32 

2.2 

23.5 

26 

30.3. 


23 

1.9 

23.4 

27 

30.3. 

» 

21 

2.0. 

23.3 

28 

23. 3. 


22 

2.1 

23.2 

29 

30. 3. 


24 

1.3 

23.1 

30 

30.3. 


22 

1.4 

23.0 

31 

28. 3. 

» 

21 

1.3 

22.9 

32 

23. 3. 


24 

1.4 

22.8 

33 

28. 3. 

f 

27 

2.0 

22.3 

34 

16. 4. 

» 

21 

1.8 

22.3 

35.... 

16. 3. 

* 

20 

1.7 

22.0 

36 

23. 3. 

» 

27 

1.1 

22.0 

37 

27. 3. 


30 

2.3 

21.6 

38 

28. 3. 


20 

0.7 

21.5 

39 

28. 3. 


31 

1.0 

21.1 

40 

20. 3. 

• 

35 

1.5 

20.7 

41 

23. 3. 

» 

40 

1.5 

20.7 

42 

27.3. 


21 

1.4 

20.5 

43 

28. 3. 

» 

22 

1.3 

20.0 

44 

27. 3. 

> 

22 

2.0 

20.0 

45..... 

27. 3. 

t 

20 

1.0 

19.8 

46 

27. 3. 

» 

22 

1.1 

19.6 

47 

27. 3. 

f 

20 

1.0 

19.6 

48 

27. 3. 

» 

23 

2.2 

19.6 

49 

23.3. 

» 

25 

1.4 

19.0 

50 

2. 4. 

» 

21 

1.3 

18.7 

Mean value . 





23.5 

Standard deviation . , 




2.77 

Standard error of the 

mean 



0.39 
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deviation 2.77. The average for men and women is thus practically 
the same. It moreover exceeds the average values obtained on 
stimulation of the ulnar nerve by 2.3±0-'?0 and 1.9 ±0.5.'), 
respectively. This is a small, but statistically significant differ- 
ence. 

1. The accommodation at different motor points in the 

same individual. 

The accommodation was measured in tests on 10 individuals 
(the same material as in table X) at different motor points; on a 
flexor muscle of the forearm, namely imtsc. flexor digilorum suhli- 
mis, with a minimal movement of the finger ns an index; on an 
extensor muscle of the forearm, either muse, extensor digitorum 
communis or muse, follicis longus; on the upper arm, muse, biceps; 
and on the trunk, muse, obliguus extermis abdominis, with a mini- 
mal observable muscle contraction as an index. 

Table XIV. 


r/ie initial accommodation slope determined at the motor point of 
different muscles in the arm and irunh of the same individual. 


Case 

Flexors of the 
fingers 

Extensors of 
the fingers 

Muse, biceps 

Muse, obliquus 
externu-s 
abdominis 

R. 

Slope 

I 

R. 

Slope 

n 

R. 

Slope 

III 

R. 

Slope 

IV 

1 

0.9 

21 

1.0 

22 

1.2 

31 

2.5 

33 

2 

2.5 

23 

3.0 

23 

0.8 

24 

3.5 

39 

3 

1.6 

21 

1.7 

25 

0.9 

32 

2.0 

33 

4 

3.4 

24 

1.7 

21 

2.5 

32 

1.8 

32 

5 

1.5 

20 

1.1 

22 

0.7 

34 

1.1 

30 

6 

0.8 

29 

1.7 

34 

2.4 

23 

3.0 

33 

7 

1.8 

25 

1.9 

21 

1.7 

24 

l.Q 

32 

8 

1.3 

24 

3.0 

26 

22 

Lc 

RO 

3 3 

35 

9 

1.5 

22 

3.0 

1.2 

54 

2.2 

40 

10 

1.0 

20 

1.7 

21 

0.8 

29 

2.1 

32 


Mean .. . . 22.9 23.7 31.3 33.9 

Mean difference 0.8 (II— I) 8.4 (III— I) 11.0 (R'— 1) 

Standard error of mean ^ffer- 

ence 0.85 3.25 1.3 

It appears from the table that there is no difference between 
the extensor and flexor muscles on the forearm. On the other 
hand, it is statistically established that muse, obliguus extermis 
abdominis has a better accommodation than the muscles of the 
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forearm, and very probable that tbis is the case also with muse, 
biceps on the upper arm. The small muscles of the hand have shown 
an accommodation closely corresponding to that of the forearm, 
though possibly somewhat inferior. The accommodation at a 
motor point in mmc. triceps, deltoideus, trapezius and rectus abdo- 
minis, in those cases where it has been investigated, has been found 
to be similar to that of muse, obliquus externus abdominis. 

To sum up, it may thus be stated that the accommodation, 
measured at a motor point, is about 30 to 40 per cent, better in 
the muscles of the trunk, shoulder-girdle and upper arm than in 
those of the forearm and hand. No difference between the exten- 
sors and flexors has been observed. 

C. Sensory Nerves. 

1. Introduction, 

It has been known since Ebb (1872) and Hofejiann (1888) 
that, in the clinical test, the motor and sensory nerves behave in 
exactly the same way, and that in the sensory nerve a "Katod- 
dauerregung” corresponds to the cathodal closing tetanus. The 
only quantitative difference observed is that the thresholds for 
stimulation of a sensory nerve are somewhat lower than for a 
motor nerve. Ebbecke (1922, 1924) made a thorough study of 
the reaction of a sensory nerve to a galvanic current and espe- 
cially of its correspondence to the cathodal closing tetanus; this 
reaction, which, however, had previously been noted by v. Feey 
(1896), he termed “Nervenschvnrren”. In fact, on the stimulation 
of a sensory or mixed nerve with a current of low strength, a short, 
but distinct, shock is felt in the territory of the nerve. When 
stronger currents — according to Ebbecke, about six times as 
strong as the rheobase — are applied, they produce an inter- 
mittent, slightly vibrating, buzzing sensation, which soon dies 
away. This is just what he means by "Nervenscliwirren”., v. 
Frey’s "oscillating sensation”. On the application of a still 
stronger current this sensation increases in intensity and duration. 

To V. Frey (1896) must be given credit for having shown that 
"Nervensclmirren” is identical with a form of paresthesia chnically 
loiown as formication, tingling, etc. Ebbecke (1922) has enumera- 
ted various pathological conditions in which it occurs, such as 
sciatica, shot wounds affecting a nerve, tabes and disseminated 
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sclerosis. He also mentions some ex25erimental methods of induc- 
ing this sensation: mechanically, by a direct blow on the nerve, 
in the palms by clapping them against one another, in the lips by 
rubbing a coarse towel against them. According to him, Nctvch- 
schwiTTen” occurs also transiently on anesthetization with novo- 
caine, before local insensibility has set in. He adds that "Nerven- 
schdrren” is identical with the familiar feeling of "EingescJilafen- 
sein”, which occurs during the initial stage of pressure paralysis 
or during recovery from such paralysis. 

The last-mentioned statement is certainly incorrect, seeing that 
— as will be shown further on — paresthesias before and after 
ischemia are not of identical nature. 

Though the identity of "Nervenschwirren” with the paresthesias 
occurring in cases of tabes and sciatica seems to require veri- 
fication, "Nervenschvirren” is nevertheless a typical and well- 
defined form of paresthesia. 

By stimulating with more or less rapidly rising currents, pro- 
duced by manually varying a sliding resistance, Ebbecke ascer- 
tained that the sensory nerve also had a capacity for accomodation. 

2. General results. 

In taking accommodation curves of sensory nerve fibres, suffi- 
cient time must be allowed to elapse between eacb determination 
of threshold, seeing that — as Ebbecke (1922) has pointed out — 
the excitability is modified for several seconds after the cessation 
of the stimulus. Kapidly rising currents produce the sensation of 
a short, distinct shock, the threshold of which can be easily per- 
ceived. The response to somewhat more slowly rising currents 
(30 — 40 msec.) is more prolonged and blurred. To still more slowly 
rising currents the response is a softly vibrating, discontinuous 
sensation on the surface of the skin. Though the experimental 
subject may at first find some difficulty in indicating the thres- 
hold of excitation with such currents, he will be able to do so after 
some practice, with a considerable degree of accuracy. The ac- 
commodation curves of sensory nerves can therefore be deter- 
mined with about the same precision as those of motor nerves. 

A typical accommodation curve, taken after stimulation of the 
ulnar nerve at the elbow, with the sensation of a shock passing 
into a feeling of vibration at the hypothenar eminence as an index 
of the excitatory effect, is shown in Eig. 8. 
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It will be seen that the curve, though fairly steep in its initial 
part, bends away from the very outset, so that, at about the point 
marking a time-constant of 60 msec., it definitively takes a nearly 
horizontal course. In view of this configuration, the accommoda- 
tion — as measured by the initial slope of the curve — is not well 
defined. It is possible, however, to obtain from the curve a quanti- 
tative measure of the breakdown of accommodation. As the 
breakdown here is almost complete, it can be computed more 
accurately than is possible iu the case of the motor nerve. 



Fig. 8. Accommodation curve for tactile fibres in nerma vlnaris. RheobaseO.i 
m/Amp. Breakdown 1.8.5 times the rheobasio strength. 


In order to obtain a uniform basis of comparison, the occurrence 
of the breakdown has been reckoned in table XV on the basis of 
the relative strength of the threshold of a current with a time- 
constant of 70 msec. At this point the curve has invariably taken 
its final course. The actual breakdown usually occurs somewhat 
earlier, but, in view of the flattened course of this part of the curve, 
the value, at a time constant of 70 msec., will be merely a 
few per cent, too high. The results of the stimulation of pure 
cutaneous nerves will be similar to those given in the table. The 
ulnar nerve was selected in order to obtain simultaneously a basis 
of comparison between the rheobase of sensory and motor fibres 
under fairly identical conditions. 

As shown by the table, the figure for the breakdown of accom- 
modation varies within fairly narrow limits. It lies at a relative 
current strength of 1.5 — 2 times the rheobase, whereas the cor- 
responding figure for motor nerves is 2.5—5 times the rheobase. 
The mean value (1.85) accords well with that found with his elec- 
trical index by Skoolunh (1942), namely 1.5, in the coarser fibres 
of cat nerves. The threshold for the sensory fibres is 42 per cent, 
lower than for the motor. Taking the nerve action potential as an 
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index, Eelangeb and Blaib (1938), in experiments on frog nerve, 
found tlie corresponding value to be 20 per cent., whilst Skoglund 
(1942), in cat nerve fibres probably coming from the muscle pro- 
prioceptives, found it to be 24 per cent. 

Table XV. 


Rheohase and 'breakdown of accommodation in tactile fibres, and 
rheobase in motor fibres^ of ulnar nerve. 



Date 

Age 

Tactile fibres 

Motor 

fibres 



Rheobase iBreakdo-wn 

Rheobase 

1 

21. 11. 1942 

31 

0.32 1.80 

0.7 

2 

23. 11. 

» 

30 

0.45 1.72 

0.75 

3 

24. 11. 


26 

0.60 1.87 

0.95 

4 

24. 11. 

* 

27 

0.95 1.98 

2.40 

5 

24. 11. 

» 

35 

0.45 1.94 

0.90 

6 

24. 11. 

» 

24 

0.70 1.77 

1.35 

7 

24. 11. 

» 

29 

0.85 1.93 

1.16 

8 

25.11. 

» 

21 

1.10 2.00 

1.75 

9 

25. 11. 

» 

26 

0.73 1.87 

1.35 

10 

25. 11. 


29 

0.54 1.80 

1.15 

11 

27. 11. 

» 

27 

0.45 1.84 

0.85 

12 

27. 11. 

» 

33 

0.60 1.90 

1.1 

13 

27. 11. 

> 

26 

0.85 1.90 

1.2 

14 

28. 11. 

» 

42 

1.60 1.50 

2.2 

15 

28.11. 

» 

23 

1.15 1.90 

2.0 


Mean 0.7C 1.85 1.32 


Bearing in mind that the value for the breakdown of accom- 
modation is almost identical with that of the cathodal closing 
tetanus, it may be stated, in brief, that the sensory nerve fibres 
thus examined have, in the normal state, the same features as those 
which Erb, as far back as 1874, found to be characteristic of the 
motor nerve in tetany, namely a low rheobase, and, both absolutely 
and relatively, a low threshold for the cathodal closing tetanus. 
The sensory nerve fibres thus show a greater tendency towards 
iterativeness than the motor fibres (cf. Skoglund, 1942; Geanit 
and Skoglund, 1943); the latter, however, can be made to show 
this tendency in equal degree by reduction of the ionized calcium. 

The duration of the iterativity depends on the strength of the 
stimulating current. In Fig. 9 the duration of the vibratory sensa- 
tion has been plotted against the stimulus strength. The ulnar 
nerve was stimulated at the elbow. The sensation is intense for the 
first few moments, but gradually dies away. As it is impossible to 
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Xo 



Fig. 9. Duration of vibrating sensation in sec., as function of stimulating current 
strength, expressed in multiples of rbeobasic strength. 


state exactly -where the sensation, which eventually becomes 
quite faint, has actually ceased, the values in Fig. 9 are merely 
approximative. 

An evidently prolonged cathodal closing sensation, indicative 
of repetitive discharges, and thus corresponding to the cathodal 
closing tetanus in the motor nerve, is already felt at t-wice the 
rheobasic strength; this might indeed have been expected from the 
fact that the breakdo-wn of accommodation occurs at about that 
current strength. The values given by Ebbecke (1922), namely 
about six times the rheobasic strength, have been found to be 
unduly high. 

The sensory fibres studied here have a low threshold and must 
therefore be of large calibre. The localization of the -vibratory 
sensation on the surface of the skin and its occurrence also on the 
stimulation of purely sersory nerves rule out the supposition that 

4l— 441312 
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"wc iRRy be concerned here witli fibres from tbc muscle proprio- 
ceptives, which likewise have a relatively large diameter (Sher- 
rington 1894-). Id. all probability therefore they arc tactile fibres. 
V. Frey, too, localized the " Nervenschwirren” in the tactile ele- 
ments (see above). The sensation is likewise of tactile character, 
though it does not correspond to that felt on adequate stimulation 
of the skin. This supposition is also borne out by the fact that the 
sensation of light touch is reduced in the paresthetic region, 
so that the experimental subject often spontaneously remarks 
that he feels numbness there. In fact, the sensation is e%ddently 
identical with that produced by Heinbecker, Bishop and O'Leary 
(1933) as the first response to repeated stimulation when the 
current strength is gradually increased. These authors interpreted 
it as tactile. The paresthesia corresponding to this sensation must 
therefore likeivise be a tactile paraesthesia. 


D. Summary and Conclusions, Section IIL 

1. The accommodation curve determined on a motor nerve 
consists of an initial rectilinear portion, the slope of which for 
slowly rising currents begins to diminish gradually and terminates 
in a more horizontal portion at a current strength of 2.5 — 5 times 
the rheobase. A breakdown of accommodation thus occurs at 
that strength, and consequently the nerve response to the stim- 
ulating current is repetitive and the muscle response a tetanus. 
Breakdown of accommodation and "cathodal closing tetanus” 
are closely related. The latter likewise occurs at 2.5 — 5 times 
the rheobase. As a rule, the greater the initial slope of the curve, 
the greater the current strength necessary for breakdown of 
accommodation. 

The average value for the initial slope of the accommodation 
curve, given in number of rheobases by extrapolating the linear 
portion to 1 sec., is for healthy men 21.2 ^ 0.46, with a standard 
deviation of 3.72. The ulnar nerve was stimulated and the index 
was a minimal contraction in the tendon of muse, flexor carp. uln. 
For women the corresponding value was 21.6 ±0.34 and the 
standard deviation 2.40. 

In the course of about one month the value for the initial 
slope of the same subject varies by 6 — 8 per cent, of the average. 

In the median and ulnar nerves accommodation, measured as 
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initial slope, is greater in the short fibres of the forearm muscles 
than in the long fibres of the small muscles of the palm. The 
difference is small, but statistically significant. It is probably 
a real difference between the fibres concerned, but may be 
apparent and merely due to the use of different muscles as 
an index in the measurements. As a rule, accommodation varies 
relatively little in different nerve fibres of the same subject. An 
exception is the facial nerve, which has about 30 per cent, 
greater accommodation than the arm and leg nerves. There is no 
difference in accommodation between extensors and flexors. 

2. If the accommodation curve is determined at a motor 
‘point, it is often found to be separated into two portions by an 
angle, indicating that in the course of a single experiment dif- 
ferent elements are being stimulated. One of them is characterized 
by a curve which is clearly identical with the accommodation 
curve as determined at a nerve point, and in this case the muscle 
contraction, elicited by the stimulus, is rapid. The other clement 
has a badly developed accommodation and the muscle contraction 
is slower. There arc reasons for presuming that in the latter 
case muscles have been directly stimulated. 

Owing to the appearance of angles in the curve, determina- 
tions at motor points are unsatisfactory. 

At motor points the accommodation is 30 — 10 per cent, 
greater in the muscles of the body and the upper arm than in 
the muscles below the level of the elbow. 

With mvse. flexor digitorum sublhnis as an index, the limits 
of \'ariation in healthy men arc 23. f) dz 0.53, with the standard 
deviation 3.72, for women 23.5 0.39, with the standard devia- 

tion 2.77, all values being calculated as initial slope. 

3, Sensory fibres. The slope of the accommodation curve for 
fibres tran.smitting light touch successively diminishes from the 
outset, so that the accommodation can scarcely be defined, as 
in the case of motor fibres, by the initial slope of the curve. 
The whole curve then flattens out and the breakdown of accom- 
modation takes place at 1.5 — 2 times the rheobasic strength. 
Thus the threshold for prolonged repetitive discharges is lower 
than in motor fibres. The rheobase too ,is lower in tactile than 
in motor fibres. 


lY. Changes in nerve accommodation under 
the influence of ischemia; including notes on 
the nervous meclianism of fasciculations and 
on two different forms of paresthesia. 

Historical section. 

1. TIio disturbances. 

The nervous disturbances in man due to circulator}' arrest are 
closely connected with the changes in the affected nerves in res- 
ponse to electric stimuli. Deeper knowledge of these changes will 
throw some light on those disturbances. Conversely, the changes 
in the stimulated nerves will be more easily understood if 
dealt with in close connection with such disturbances and not 
treated independently of the latter, ns has usually been the case. 
It seems desirable therefore to begin by giving a brief description 
of the nervous disturbances in ischemia. For a more detailed treat- 
ment of the subject, the reader is referred to the studies of Le'WIS, 
PicKEEiNG and Rothschild (1931) and ZoTTEEiiAx (1933). 

If the blood supply to an arm is arrested by a pneumatic cuff 
round the upper arm, distended above the systolic pressure, a 
ceniripetally proceeding paralysis ^vill develop, as shown by Le- 
wis, Pickbeing and Rothschild (1931). The longest nerve fibres 
are thus the most susceptible to ischemia. The appreciation of 
touch, position, pressure and vibration is first paralyzed. As 
regards touch, this phenomenon is first noticeable as a feeling of 
numbness; somewhat later it takes the form of complete anesthesia, 
extending from the finger-tips up towards the place of compression. 
Then, ensues loss of motor power, followed by loss of perception 
of cold, heat, rapidly conducted and slowly conducted pain, in 
the order of enumeration. All these faculties are paralyzed chiefly 
centxipetally except motor power, the loss of which does not pro- 
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ceed uniformly round the arm, the extensors being paralyzed 
before the flexors. 

The differential loss of faculties was first observed by Herzen 
(1886). Confirmed by Pabritius and v. Berman (1913), it has been 
more thoroughly investigated by Lewis, Pickering and Eoth- 
SCHILD (1931), ZOTTERMAN (1933), LeWIS and PoCHIN (1938). 
The tactile sensation is transmitted by fast fibres of the A 
group and the temperature sensation by 8 fibres of the A group 
(ZoTTERMAN, 1936). After the investigations of Adrian (1931), 
Clark, Hughes and Gasser (1935), Zotterman (1939) andPEAiTr- 
MAN (1939), it may be regarded as established that pain is conduc- 
ted both by 8 fibres and fibres of the C cla^. In man Zotterman 
(1933) as well as Lewis and Pochin (1938) have shown that the 
delayed second-pain response is conducted by C fibres. 

The apparent explanation of the above-mentioned order of in- 
volvement of the various sensory qualities is thus that the coarser 
the fibres, the more readily are they paralyzed by the ischemia. 
This view was advanced by Lewis and bis associates (1931), in 
analogy with the observation made by Erlanger and Gasser 
(1929) that the coarsest fibres in frog nerve are the most suscep- 
tible to pressure. 

Lewis and associates have also found that the more centrally 
the pneumatic cuff is placed, the more rapidly does paralysis 
ensue. Moreover, since the paralysis proceeds centripetally, the 
longest fibres — as has been previously indicated — are the most 
sensitive. From this it might be inferred that the longer the stretch 
of fibre exposed to ischemia, the greater the rapidity with which 
paralysis will set in. 

This, however, is not the real explanation. In point of fact, 
the paralysis develops in the same manner, and vrith as great 
rapidity, if merely a limited stretch of the nerve is rendered ische- 
mic by a compression which does not affect the circulation in that 
part of the nerve situated distally thereto. This can also be shown 
by placing and distending another pneumatic cuff some little 
distance distally to the first one, as soon as numbness has com- 
menced in the finger-tips, and afterwards removing the proximal 
cuff. It ^vill be found that, when the blood-flow is thus restored 
to the proximal part of the nerve, the numbness will rapidly 
clear away, despite the fact that the access of the blood to the 
periphery is blocked by the distal cuff. But, if one waits till the 
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juimljuess lias spread and places tlie last-mentioned cuff near the 
original one, the numbness ivill not clear awajr . 

These and other experiments of Lewis and associates, which 
need not be reported here, show that farahjsk is froduced jirst 
and foremost in the most 'proximal part of the ischemic nerve, by o 
block which spreads centrifngally, and that this block most affects 
those fibres which extend furthest out towards the periphery. 

The fact that the block spreads beyond the spot subjected to 
compression is one indication, amongst others, that it is the 
arrest of the blood-flow as such and not the pressure which is the 
principal cause of the paralysis. Lewis and co-workers also 
noted that the block ensued Avith greater rapidity if the nerve Avas 
warmed, owing, as they supposed, to the increased rate of meta- 
bolism in the nerA'e. When the blood-floAA* is released, motor poAA'er 
and sensibility axe quickly restored, but in inverse order to that 
of inAmlvement. Thus anesthesia disappears last in the finger-tips, 
and the muscles of the hand ‘recoA'cr their motor poAA’er last. 
Though this takes place in 25 — 50 seconds after an ischemia aa'IucIi 
has lasted 35 — tO minutes, hours elapse before the complete 
recoA’-ery of the nerv'c. For, if the blood-flow is re-arrested AA*ithin 
the last-mentioned space of time, the paralyses develop more 
rapidly than if the arm had been quite fresh. 

Sensory phenomena of excitability. A feA\' minutes after the com- 
mencement of the ischemia, paresthesia sets in, chiefly in the 
hand. Though an extremely characteristic phenomenon, it has 
received but little attention. ^ITien obserA*ed, it has cAudently 
been identified with the paresthesia ensuing on the release of the 
blood-flow after a sufficiently lengthy compression, the same de- 
signations having been applied to both. Bourguiokon (1923) 
calls it “fourmillion”, Ebbecke (1922) ” Ncrvenschudrrcn” . 

About 60 seconds after the decompression, the pricking and 
stinging sensation knoAvn as “tingling” sets in. It has been thor- 
oughly studied by LEA^^s and co-workers (1931) as well as by 
ZoTTEEMAE" (1933). Its duration, intensity and propagation de- 
pend on the duration of the preceding ischemia. As a rule, it 
takes at least four or five minutes to produce it. It is most easily 
elicited at the periphery. After more protracted ischemia, its 
intensity and area of distribution are increased, so that it spreads 
centripetally up the arm. 


of 


Though apparently located in the skin, namely in the area 
distribution of the ischemic nerA’'e, this sensation nevertheless 
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has its origin in the most proximal part of the nerve, being the 
part most affected by the ischemia. This can be easily demon- 
strated by placing and distending a second pneumatic cuff distally 
to the original cuff. On the removal of the latter, tingling ensues, 
despite the arrest of blood-flow to the periphery. Moreover, the 
further proximally the cuff is placed, the easier is it to produce 
tingling. Hence it is most readily elicited in the most proximal 
part of the longest nerve fibres. 

Though tingling thus does not actually originate at the peri- 
phery, it is considerably affected by impulses from the periphery 
within the area where it is felt. Tactile stimuli tend to increase 
its intensity. According to Lsms and co-workers, this latter 
effect will fail to manifest itself where the ischemia has lasted so 
long that touch perception at the spot in question has been sus- 
pended, even if the perception of pain still persists. Thus excita- 
tion by pain or heat will not produce any such affect. From these 
observations Lewis and associates deduce the inference that ting- 
ling originates in tactile fibres. Zottebsiax (1933), on the other 
hand, considers it probable that tingling originates in finer fibres 
than the tactile ones, for one reason because "the pricking sensa- 
tion of tingling is felt as an acute pricking pain, as when a knife 
is stuck into a carbuncle". This, he thinks, indicates that the 
sensation is produced by nerve fibres conducting pain. 

3Iotor excitability fhenoneyw resulting jrom ischemia. In cases 
of reduced ionized calcium in the blood, motor phenomena, such 
as the Trousseau sign, are known to occur during ischemia. They 
will not, however, be discussed in this place. 

It is also a known, though little noticed, fact that the Trousseau 
.sign may occur after decompression. Pheebs (1913) and Hoth- 
3IAX (1937), among others, have reported that, in rare cases, they 
have observed a typical Trousseau sign after ischemia, though 
not during its course. 

Transitions from the Trousseau sign to fibrillar-fascicular 
twitches in the hand muscles are not unusual. This brings us to the 
fibrillar twitches described by Eeid (1931). He observed that after 
decompression fibrillar twitches, increasing in frequency on 
movement, normally occurred, especially in the small muscles 
of the hand. He considered that they were due to an excitatory 
affect of the reflowing blood directly on the muscle. 

Lewis and associates have described a phenomenon w'hich they 
term "pseudo-cramp", a sensation of cramp in the hand with no — 
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or very slight — objective symptoms. They considered it to be 
due to an excitation of the muscle-spindle apparatus. It is thus 
a sensory phenomenon. 


2. Changes in electric excitability. 

Since the investigations of R. Geigel (1893), it is veil known that the 
thresholds of the opening contraction arc subject to considerable 
changes under the aetion of ischemia. Thcj' are, however, beyond the 
scope of the present study. The nature of these contractions is still too 
obscure to be brought into connection with the various motor and sen- 
sory disturbances which occur. 

Rrom experiments on frog nerve in vitro it is known that the rheobasc 
increases, after a transitorj' initial lowering, under the action of asphyxia 
[Thorxer (1924), Heixbecker (1929) and others]. The same observa- 
tion applies to excised cat nei^'c in vitro, according to Leiwiaxx (1937 b), 
whose thorough study of the effect of asphy.via on the A nerve fibres 
will now be reported. It should be noted, however, that, without further 
investigation, his results cannot be compared with tho.se obtained 
during ischemia on human nerves in situ. 

Lehjiaxx e.xposes the nerve to a mixture of nitrogen and CO,. During 
the first 6 minutes the threshold is lowered, in order afterwards to rise 
rapidly until, after the lapse of about 30 minutes, the nerve ceases 
to respond to the stimulus. During the stage of low threshold, spon- 
taneous firing, the extent of which depends on liow low the thteshold 
falls, occurs in the peroneal nerve. In the saphenous ncrt'c, on the other 
hand, little or no spontaneous activity is observed. However, nerv'cs 
of saphenous tj-pe can be made to react in the same way as those of 
the peroneal type by reducing the ionized calcium in the nerve. Con- 
versely, nerves of the peroneal typo can be caused to react like the 
saphenous nerve by the administration of ionized calcium. On the 
readmission of oxygen, the threshold falls rapidly to near the original 
value, but then again rises, and remains raised, for about 50 minutes. 

No spontaneous activity is mentioned by Lehmaxx as occurring 
during tbe recovery stage. He finds that exactly the same changes in 
threshold and after-potentials, as well as the spontaneous activity in 
the early asphyxia phase, can be produced by shifting pH towards the 
alkaline side or reducing the calcium ions. The threshold curve in the 
recovery phase also agrees with that obtained when an alkaline nerve 
is restored to normal. On the basis of these findings, he discusses the 
possibility of reducing all the changes observed during and after 
asphyxia merely to changes in pH or the amount of calcium ions. 

A lowered threshold during ischemia in animal nerves in situ has 
been observed by MacCallem (1913), Patox, Pixulay and “Watsox 
(1916), and Morris (1922). In man, Boeeguigxox and Laegeer (1923) 
have studied the variations in the rheohase and the chronaxie, during 
stasis and ischemia, on the radial nerve and at the motor point of muse. 
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iridicis proprius. The chronaxie showed the same variations at the nerve 
and its motor point, whereas the rheobase varied somewhat less at the 
motor point. TJic rheobase rises from the outset in the nerve itself until 
it ceases to respond to the stimulus: such non-excitability, on the 
other hand, is never found at a motor point. They interpreted this as 
“«>ic veritable curarisation", that is, as an indirectly su.spended, but 
directly retained, excitability of the muscle. 

HonWer, as Lewis and co-workers have shown, this conclusion, 
plausible a.s it sounds, is incorrect. It is merely the proximal part of 
the nerve that is blocked and loses its excitability. If the electrode is 
placed further distaily, c.xcitability will be maintained also in the nerve 
itself. After the ischemia the threshold is again lowered, though not as 
far as the original value, but then rises again and is maintained above 
that value for an hour or so. The chronaxie is shortened during anoxe- 
mia, but is afterwards considerably lengthened and then gradually 
returns to normal. During the .stage wnth a lengthened chronaxie the 
muscle contraction, in respomc to direct or indirect stimuli, is slow, 
"ajialogue a edtd dc la reaction de dcgenercsccncc". 

Thompson and Ki.mball (1936) .studied the threshold of the sensor)* 
response to alternating current during ischemia in a nerve at the wrist, 
and likewise found an initial lowering of the rheobase. 

In regard to the variations of accommodation during ischemia, no 
investigations, either in human or in mammalian nerve, arc available. 
In frog nerve Liesse (1938) found that the accommodation, mea- 
sured at a point on the accommodation curve, became more rapid 
during ischemia and changed irrespectively of the chronaxie, which 
was little or not at all affected. 


Experimental section. 

Technique. 

All the experiments were made on the arm; on the ulnar nerve. 
That nerve %vas selected because it affords technical facilities for 
studying the changes in excitability simidtaneously at different 
points. With the same index, e.g. a minimal twitch in imisc. 
intcross. dors. 1, and thus on the same nerve fibres, one can deter- 
mine the excitability at the axilla, elbow or rn-ist. Moreover, tlic 
changes in, excitability in the long fibres of the hand can be com- 
pared with the shorter fibres of muse, flexor carpi ulmris by taking 
as an index a twitch, now* in tlie Imnd muscle, now* in flexor carpi 
ulmris. The rheobases for these tw*o indices always lie close to 
one another, which facilitates the determinations of thresholds: 
otherw'ise a concurrent marked tw-itch in the one muscle would 
interfere W’ith the records taken of the other. 
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The determinations were made in tlie following manner. An elec- 
trode was fixed at the elbow (in certain cases also at the wrist, if 
the excitability at that point was to be investigated). An ordi- 
nary pneumatic cuff (10 cm. in nidth) was then placed as far up 
the arm as possible, in order that, on its distention, the position 
of the electrode should be affected in the least possible degree. 
Before the actual test, the cuff was provisionally distended and 
repeated determinations were made for a few minutes, in order to 
ensure that the rheobase was kept constant throughout. The cuff 
was then definitively distended to about 200 mm Hg, well above 
the systolic pressure, to arrest the blood-flow. In order to avoid 
cooling, the arm was kept in water heated to 37° C., or was wrapped 
in cotton-wool warmed with lamps, so that the same temperature 
was maintained under it. However, similar results were obtained 
when the arm had not been warmed: the warming therefore -was 
considered unnecessary, except for a control test in each series. 



Results. 

1. The Elieobase. 

Fig. 10 shows typical threshold curves taken after stimulation 
of the ulnar nerve at the elbow. The determinations were made 
simultaneously on the long fibres of the hand, with a minimal 
movement of the thumb as an index (the same results were ob- 
tained with a tmtch in the interosseus) and on the shorter 
fibres of 7msc. flexor carpi tilnaris, with a minimal, palpable 
twitch in the tendon of that muscle as an index. 

In correspondence with the previously reported investigations of 
nerve in vivo and of excised animal nerve in vitro, the threshold is 
lowered, that is, the excitability is increased, during the first 10 
to 20 minutes. The threshold then rises above the origioal value: 
first slowly, then as a rule with increasing rapidity; complete lack 
of response to the stimulus was, however, attained only in one 
case out of ten, during the lengthy time, 30 minutes, for which the 
ischemia lasted. As soon as the blood-flow is released, the thres- 
hold is again rapidly lowered: after 30 minutes ischemia to about 
50 — 70 per cent, below the original value. 

In this respect my curves deviate from the rheobase curves 
published by Bouruuignon and Latjgier (1923), where the 
threshold does not fall below the initial value. The reason for this 
disparity is not understood. After a shorter ischemia, of 10 to 
15 minutes, however, no, or very slight, changes in threshold be- 
fore or after the compression can be observed in the short fibres. 
During this second stage of increase of excitability (lowering of 
threshold) the slow muscle contraction described by Boun- 
GUIGNON and Laugier is observed in response to the stimulus. 
After a rough exponential curve, the threshold then rises again 
above the initial value, where it is maintained for a considerable 
time, depending on the duration of the preceding ischemia. 

As might be expected from the fact that the paralysis in is- 
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Fig. 10. Threshold curves from long nnd short fibrc.s in the ulnar nerve at the 

elbow during and after ischemia. • • # Thresholds for long fibres to 

muse. add. poll, x X X Thresholds for short fibres to tni(*c. flexor carpi 

vhtaris. 


chemia is centripetal, or, in otlier words, that iJie longest fibres are 
7nost easily affected, the changes in threshold arc most marked in 
those fibres, as is shown by the Figure. Thus, during ischemia, 
the threshold for the fibres of the hand not only rises more rapidly 
than for those of the forearm, but also drops lower: lienee the in- 
crease in excitability after the decompression is most pronounced 
there. These facts are easily observed, in that the contraction in 
the hand muscles in response to the stimulus is at first about 
as marked as in the flexor carpi nlmris, whereas after ischemia 
for 25 to 30" minutes a current just strong enough to elicit a twitch 
in the hand produces a violent contraction in the forearm. After 
decompression the reverse happens, though the disparity is less 
marked. 

2 . The accommodation curve. 

Accommodation curves were taken during the course of ischemia 
and after. Such a series of curves, selected as typical examples 




ACCOMMODATlOls IN HUMAN NERVES. 


61 



Fig. 11. Changes in the acconunodation curve during and after ischemia of the 
ulnar nerve at the elbow in fibres to muse, inteross. dors. 1 

among 10 tests slio-wing great tmiforinity, is reproduced in fig. 11. 
In these tests the stimulating electrode was placed at the elbow, 
and a minimal twitch in mtisc. inferosseus dors. 1 was taken as 
an index. 

As will he seen from the figure, the curves for accommodation 
during ischemia tend to increase in steepness: this tendency, how- 
ever, is most pronounced in the initial part of the curve, but after- 
wards becomes less and less marked. The curve thus deviates from 
its linear initial part and takes the form of a bend, with a gradually 
dimimshing slope. The bend is real and cannot be attributed simply 
to the measurement techmque, as is evident from the following 
considerations. The excitability of the nerve, of course, changes 
with comparative rapidity, and it takes one or two minutes to 
trace a curve. It is therefore obvious that, if the determinations 
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had been made with successively diminishing time constants, the 
thresholds of the more rapidly rising currents would in the mean- 
time have risen somewhat, and would thus have been computed 
too high relatively to those first determined. In such circum- 
stances we should have obtained upwardly convex curves. Here, 
however, the determination was made in the reverse direction, 
whence the curves would have been slightly concave upwards if 
the change in threshold during the course of the measurement 
had been a factor of any importance. 

In tests on man, this type of curve must be regarded as patholog- 
ical and has never been observed under normal conditions. 
Skoglund (19i2) found it occasionally in cats and regarded it 
as a normal variation. It is, however, conceivable that, in this 
case too, it may have been due to the disturbance of the circula- 
tion caused by the preparation. Similar deviations from the nor- 
mal linearity of accommodation curves have been observed, for 
example, by Kahlsox and v. Werz (1936), in experiments on 
frog nerve. 

As the figure indicates, accommodation curves of the type 
which, in regard to excised frog nerve, is considered to be quite 
normal, are obtained during the course of the ischemia. Thus in 
the asphyctic human nerve there is no “breakdown” of accom- 
modation nor cathodal closing tetanus: it therefore shows the 
"minimal current gradient” defined by Lucas (1907 a), during 
which no stimulus is effective, even if it has a strength of 8 times 
the rheobase. Indeed, after ischemia lasting 30 minutes, .stimula- 
tion with a current with a rising time of 100 msec, and a strength 
of up to 20 times the rheobase has been found to be quite ineffec- 
tive. It therefore seems necessary to verify these findings by con- 
trol tests on the nerves of cold-blooded animals in winch the cir- 
culation properly functions and not immediately to accept as 
physiological the results obtained with excised nerve. It will then 
perhaps be found that the "breakdown^^ of accommodation is a 
feature common to all nerves and is by no means confined to 
mammalian nerves. 

After the decompression, the capacity for accommodation 
tends to decline towards zero, and the nerve may entirely lose 
that capacity for some length of time, depending on the duration 
of the preceding ischemia. The capacity for accommodation thus 
at first tends to increase during ischemia, but is afterwards re- 
duced below the original value. In the typical example shown. 
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tlie slope rose from 19 to 234 after ischemia for 19 mimites, but 
fell after the decompression down to about zero. A remarkable 
achievement on the part of the nerve ! 

Now, how can the gradual bending of the accommodation curve 
described above be accounted for? A possible explanation is that 
the index shifts. In that case the initial part of the curve, which 
is affected earliest and most markedly, and which corresponds to 
stimulation with the weakest current, would represent the coarsest 
motor fibres. The coarser fibres, as we know, have a low threshold 
and, as indicated in the introduction, are also most sensitive to 
ischemia. The more horizontal part of the curve, which is not 
affected so rapidly at first, might then be conceived to represent 
a finer group of fibres, with a higher threshold, poorer accom- 
modation and greater resistance to ischemia. This may be the 
explanation of the striking change in the configuration of the 
curve. 


3. Comparison between tlie changes in accommodation 
in long and short nerve fibres. 

It might be expected that the greater sensitiveness of the long 
nerve fibres to ischemia, which manifests itself in the earlier 
onset of paralysis and in greater variations in threshold, would be 
noticeable also in the changes of accommodation. This is in fact the 
case. Relative changes in accommodation, under the same experi- 
mental conditions as in the determinations of threshold just report- 
ed, are shown in Fig. 12. As the accommodation curves taken during 
ischemia are bent, and not linear, in their initial part, the accom- 
modation is evidently not well defined. In order to obtain at any 
rate a serviceable relative gauge, the accommodation was com- 
puted from the slope, drawn from the origin through the point 
marking the threshold value of a stimulating current with a 
time constant of 30 msec. This procedure seems permissible, as 
the two curves which we are comparing are bent. It should be 
borne in mind, however, that this is no absolute value, com- 
mensurable with the accommodation values obtained in straight 
curves. After the decompression, the curves seem to be rectilinear: 
but, in view of the rapid changes in rheobase and accommodation, 
the slope was determined separately in this case too, though only 
wth a stimulating current -with the rising time of 48 msec. 
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Fig. 12. Comparison between the changes of accommodation in long and short 

fibres of the ninar nerve at the elbow during and after ischemia • # • 

Eelative value of accommodation in fibres to vntsc. inteross. dors. 1. X X X 

Eelative value of accommodation in fibres to muse. fkx. carp. vln. 

As shotvTi by tbe Figure, tbe slope rises more rapidly for tbe long 
fibres, but after tbe decompression is maintained about zero for 
some minutes. As regards tbe shorter fibres, tbe variations • — as 
•was tbe case "witb tbe rbeobase — are considerably less, and tbe 
zero value is not reached -within such a comparatively short time 
as 20 minutes. After tbe lapse of 30 minutes, bo-wever, zero is 
usually reached in these fibres also. Tbe changes are substantially 
similar, though they manifest themselves more rapidly in the 
longer fibres. 

4. Comparison between the changes in accommodation 
distally and proximally in the same nerve fibres. 

A stimulating electrode -was placed at the elbo-w and another 
at the wrist. The changes in accommodation at these tiro points 
were then followed. The index adopted was a minimal twitch in 
muse, interosseus dors. I, (Similar results were obtained when a 
twitch in the other hand muscles supplied by the ulnar nerve was 
taken as an index.) The accommodation was found to be quite 
similar at these two points. Thus, as shown by tbe typical example 
in Fig. 13, the accommodation, measured similarly as in the pre- 
ceding test, rises, on compression, from the same initial value 
■udth considerably greater rapidity proximally than distally. 

IVhen the blood-flow is released, the accommodation in this 
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Fig. 13. ' Comparison between the changes of accommodation at tho elbow 
and at the wTist in fibres to muse, inleross. dors. 1 during and after ischemia. 

• • -• Relative value of accommodation measured at tho elbow. 

X — X — X Relative value of accommodation measured at the wrist. Dotted 
line: relative value of rheobase at tho elbow. 

case falls proximally down to zero for aliout 10 minutes after 
iscliemia with a duration of 30 minutes. Despite the lengthy 
ischemia, it does not reach zero distally. The accommodation may 
thus vary at different points of the same nerve fibres, because the 
anoxemia does not affect the fibres uniformly along their entire 
length, but in the main proximally, with a diminishing effect 
towards the periphery. Had the accommodation been measured 
proximally in a nerve and at a motor point, one might have been 
tempted to speak of a “hetero-accommodation" of pathological 
origin between muscle and nerve, in the phraseology of the com- 
plicated doctrine of chronaxie. This, however, would have been 
a mistake. The changes in accommodation were measured also 
at a motor point and they nowise differ from those in the adjacent 
stretch of nerve in cases where curves were obtained without 
breaks, which, however, is imusual. The occurrence of breaks 
in the curve likewise conduces to give the appearance of “hetero- 
accommodation", if we confine ourselves to determining merely 
a single point on the accommodation curve, and if the accom- 
modation is computed from that point, just as the chronaxie is 
computed from a single point on the strength-duration curve. 

It might be objected that the difference in accommodation prox- 
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Fig. 14. Chnnges in nccommodntion proximally nntl distnllj' to the cuff in fibrC3 

of the ulnar nervo to 7 »nwc. inlcross. dorr. 1. x X X proximnlly to Iho 

cuff. • • • distnllj- to the cuff. 


imally and distally is merely apparent, and that tlie accommoda- 
tion observed on tbe stimulation of a certain point in the nerve is 
not the accommodation precisely at that point, but that its value 
in this case too depends on the state of the nerve between that 
point and the muscle serving as an index, and possibly also on 
changes in the index itself. However, as .shown by tbe following 
tests, this is not the case. 

Fig. 14 shows how the excitability has been followed proximnlly 
and distally to a pneumatic cuff placed round tbe upper arm. Tbe 
proximal part of the nerve is not exposed to ischemia, whereas 
on the greater part of the stretch between it and the muscle the 
accommodation varies within wide limits. As will be seen, tbis 
variation does not affect the accommodation proximnlly. 

It may be regarded as certain that the changes in threshold 
are likewise most marked proximnlly, but it is more difficult in 
this case exactly to determine the difference, as the excitability 
is so different from the outset: the rheobase at the wrist is usually 
two or three times that at the elbow'. It is, bowever, easy to sbow 
that a difference exists, seeing that, as found by Lewis and as- 
sociates with a faradic current, the excitability during protracted 
ischemia ceases earlier proximnlly than distally. 

In Fig. IS the changes in the rheobase bave been inserted for 
the purpose of comparison with the accommodation. Their general 
course is similar to that of the accommodation. Both rise during 
the compression and then temporarily fall helow' the initial value, 
but the succeeding rise is more rapid as regards the rheobase. 
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wHcli thus to some extent changes, evidently irrespective of the 
accommodation. In the stage after the compression, when the 
accommodation and the rheobase are at their lowest, fibrillar 
twitches occur as well as the slow contraction mentioned by 
BomtGUiGNON and Laugier. This phenomenon will be discussed 
in the next chapter. 


5. The nervous meclianism of the fibrillation- 
fascicttlation. 

As observed by Reid (1931), fibrillar twitches occur after the 
decompression, especially in the muscles of the hand. Their number 
and distribution is subject to certain individual variations. In 
connection with the previously reported investigations, they were 
observed after ischemia for 15 minutes, produced by a pneumatic 
cuff placed and distended round the upper part of the arm of 41 
apparently healthy subjects between the ages of twenty and thirty. 
In 8 cases nothing noteworthy could be observed. In 4 cases, on 
the other hand, contractions which were almost continuous, and 
which involved the entire muscular system in the thenar and 
hypothenar eminences and the muse, interossei, were distinctly 
noticed. Relatively slow, irregularly oscillating movements were 
observed on the surface of the affected muscles. At the same time 
the muscles were throughout moderately contracted, the fingers 
assuming the typical “main d’ accoucheur” , which, however, could 
be mastered by a voluntary effort. 

This extreme form of contraction is evidently identical with 
the “Trousseau sign” of the Mnd occasionally observed by 
Phlebs (1913) and Rothman (1937) after the compression, even 
if the genuine sign had not occurred during the actual com- 
pression. In cases where the contractions are intensive, they are 
also distributed over a larger area; they may spread even to the 
muscles of the forearm. In the other cases investigated, the con- 
tractions were intermediate in intensity between these two 
extremes. 

As a rule a few slight twitches of short duration are observed 
in the fingers. Each twitch involves a bundle of muscle fibres of a 
few millimetres. The structure which contracts is thus consider- 
ably larger- than a muscle fibre, which can scarcely be observed 
with the naked eye: it is, in fact, comparable- in size -with a muscle 
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rig. 14. Changes in accommodation proximally and distnlly to the cuff in fibre.<J 

of the ulnar nerve to muse, inteross. dors. 1. X X X proximally to the 

cuff. • • • dislnlly to tho cuff. 


imally and distally is merely apparent, and tliat tlie accommoda- 
tion observed on tbe stimulation of a certain point in tbe nerve is 
not tbe accommodation precisely at that point, but that its value 
in this case too depends on tbe state of tbe nerve between that 
point and tbe muscle serving as an index, and possibly also on 
changes in tbe index itself. However, as sboivn by tbe follotving 
tests, this is not tbe case. 

Fig. 14 shows bow tbe excitability bas been followed proximally 
and distally to a pneumatic cuff placed round the upper arm. Tbe 
proximal part of tbe nerve is not exposed to ischemia, whereas 
on tbe greater part of tbe stretch between it and tbe muscle the 
accommodation varies within wide limits. As will be seen, tbis 
variation does not affect tbe accommodation proximally. 

It may be regarded as certain that tbe changes in threshold 
are likewise most marked proximally; but it is more difficult in 
this case exactly to determine tbe difference, as tbe excitability 
is so different from tbe outset: the rbeobase at the wrist is usually 
two or three times that at tbe elbow. It is, however, easy to show 
that a difference exists, seeing that, as found by Lewis and as- 
sociates with a faradic current, tbe excitability during protracted 
ischemia ceases earlier proximally than distally. 

In Fig. 13 the changes in tbe rbeobase have been inserted for 
tbe purpose of comparison with tbe accommodation. Their general 
course is similar to that of tbe accommodation. Both rise during 
tbe compression and then temporarily fall below tbe initial value, 
but the succeeding rise is more rapid as regards tbe rbeobase. 
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•wliicli tlius to some extent changes, e\ddently irrespective of the 
accommodation. In the stage after the compression, when the 
accommodation and the rheohase are at their lowest, fibrillar 
twitches occur as well as the slow contraction mentioned by 
Boueguignon and Laugier. This phenomenon will be discussed 
in the next chapter. 


5. The nervous mechanism of the lihrillation- 
fasciciilation. 

As observed by Reid (1931), fibrillar twitches occur after the 
decompression, especially in the muscles of the hand. Their number 
and distribution is subject to certain indimdual variations. In 
connection vdth the prc\dously reported investigations, they were 
observed after ischemia for 15 minutes, produced by a pneumatic 
cuff placed and distended round the upper part of the arm of 41 
apparently healthy subjects between the ages of twenty and thirty. 
In 8 cases nothing noteworthy could be observed. In 4 cases, on 
the other hand, contractions which were almost continuous, and 
which involved the entire muscular system in the thenar and 
hypothenar eminences and the inferossei^ were distinctly 

noticed. Relatively slow, irregularly oscillating movements were 
observed on the surface of the affected muscles. At the same time 
the muscles were throughout moderately contracted, the fingers 
assuming the typical "main d’accoxicheur” , which, however, could 
be mastered by a voluntary effort. 

This extreme form of contraction is evidently identical with 
the "Trousseau sign” of the land occasionally observed by 
Phlebs (1913) and Rothjian (1937) after the compression, even 
if the genuine sign had not occurred during the actual com- 
pression. In cases where the contractions are intensive, they are 
also distributed over a larger area: they may spread even to the 
muscles of the forearm. In the other cases investigated, the con- 
tractions were intermediate in intensity between these two 
extremes. 

As a rule a few slight twitches of short duration are observed 
in the fingers. Each twitch involves a bundle of muscle fibres of a 
few millimetres. The structure which contracts is thus consider- 
ably larger than a muscle fibre, which can scarcely be observed 
with the naked eye: it is, in fact, comparable- in size with a muscle 
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fascicle. As pointed out by Denky-Brown and Pennybacker 
(1038), in regard to similar motor phenomena, "fasciculation” 
is therefore a more apposite designation than the usual clinical 
term “fibrillation”. 

The frequency of the twitches moreover depends on the duration 
of the preceeding ischemia. If it lasts less than 8 imnutes, it Trill 
scarcely give rise to any twitches at all. It should further be noted 
that compression high up on the upper arm is far more effective 
than it is further down. 

In short, it may be stated that the contractions are analogous 
to the form of “tingling” which occurs after the-compression. The 
latter, as previously mentioned, increases in intensity and dis- 
tribution, the longer the duration of the ischemia and the higher 
up the pneumatic cuff is placed (Lewis and associates, 1931, 
Zotterman, 1933). 

There is also good reason to presume that both these phenomena 
are brought about by the same mechanism. Thus the fasciculations 
are not produced by direct stimulation of the actual muscle, as 
Reid supposed, but arise much in the same way as “tingling”, 
when the blood flows back to the proximal part of the ischemic 
nerve. This can be easily demonstrated if, before the decompres- 
sion, a second pneumatic cuff is placed and distended distally 
to the original one, which is not removed till afterwards. It will 
then be found that, though the blood is thus prevented from 
reaching the periphery, these fasciculations nevertheless occur, 
as also their extreme variant, the Trousseau-like phenomenon. 
Fasdcuhtions are thus caused by impuUes set up in the nerve itself, 
and particularly in its proximal part, during its recovery. 

As already indicated, it is in the proximal part of the nerve that 
the response to electric stimidi shows the most marhed and charac- 
teristic changes. A few minutes after the decompression, the rheo- 
base is lowered (i.e. the excitability is increased), whilst the 
capacity for accommodation approaches zero. TTliether and when 
it actually reaches zero, as also the intensity of the contractions, 
on the one hand, and of the tingling, on the other, will depend on 
the duration of the ischemia. If the stimulating electrode is placed 
below the pneumatic cuff, in order to determine the excitability 
in bhe most proximal part of the nerve, it will be found that the 
fasciculations commence a few’ minutes after the decompression, 
when the capacity for accommodation is at or near zero. The 
twitches cease when the accommodation again rises. 
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From experiments on frogs nerve, it is known that, when the 
capacity for accommodation is at or near zero, whilst the rheo- 
hase is lowered, the motor nerve begins to discharge spontaneously 
(see the historical section I), fascicular twitches being at the same 
time observed. 

Also in human motor nerves, spontaneous activity seems to 
show a similar behaviour, or rather, the change in excitability which 
is quantitatively expressed by the accommodation curve gives rise to 
spontaneous discharges. It is also more than probable that the 
excitability of the sensory nerve fibres changes in an analogous 
iBay. Spontaneous activity presumably occurs not only in the fibres 
which give rise to "tingling”, but also in the fibres of the muscle 
proprioceptors. It might thus be contended that the fasciculations 
were nothing but a proprioceptive reflex. There is, however, no 
known evidence in support of the supposition that the muscle 
spindle apparatus could give rise to non-synchrordzed activity of 
such small muscular units as those of fascicular size. It may there- 
fore be suggested that the fasciculations have their origin solely 
in the motor fibres. 

The slow muscle contraction observed by Boubguigno^j and 
Laugier (1923) on the stimulation of the nerve is likewise ex- 
plained by the poor accommodation. The nerve cannot adapt itself 
rapidly enough to the stimulus, whence the response takes the 
form of iterative discharges, with a consequent slow contraction 
of the muscle, or a tetanus. 


6. Some contributions to the nervous mecbanisin of two 
different forms of paresthesia which occur during and 
after arrest of the blood-flow. 

A. During ischemia. About 2 minutes after the arrest of- the 
blood-flow, a paresthesia normally develops in fingers and hand. 
As it seems to have been rather overlooked, it may be desirable to 
subject it here to closer analysis. It is subjectively identical with 
the sensation produced by stimulating, with a constant current, 
a purely sensory or mixed nerve, as described on p. 49. It thus 
has its origin in coarse fibres and is of a tactile character. 
That it is identical with the paresthesia induced by stimulation 
with a weak electric current, one can easily convince oneself by 
the following experiment: — During the course of the paresthesia 
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in the hand, stimulate e.g. the ulnar nerve with a current the 
strength of which is somewhat above the threshold for the break- 
down of accommodation of the tactile fibres. Within the area of 
distribution of the nerve, no change in the clinTdCtev of the pares- 
thesia can then be observed. The only change that occurs is an 
increase in intensity, which, on close analysis, appears to con- 
sist in an increase in the frequency of the vibrations and in the 
number of the little diffuse pricks which constitute the paresthesia. 
If this tactile paresthesia is of great intensity, it is locally felt as 
a “numbness” ofthesldn, as the experimental subjects often spon- 
taneously remark. The appreciation of touch with a piece of cot- 
ton-wool is evidently diminished. Whilst the perception of light 
touch is thus reduced, the tactile stimulus, on the other hand. 



Fig. 15. Sketch illustrating the placing of the pneumatic cuffs. See the text. 

reduces the intensity of the paresthesia. If, for example, a piece 
of cotton-wool is passed over the hand, the paresthesia will be 
momentarily abated,' but immediately afterwards may perhaps 
be felt somewhat more intensely than before. 

Tactile paresthesia begins at the periphery and spreads centri- 
petally, afterwards vanishing reversely to the order of involve- 
ment. Minor deviations from the centripetal spread are rather 
common. As a rule it begins in the finger-tips, but it may also 
start in the thenar or hypothenar eminence. Sometimes it spreads 
most rapidly on the palmar side of the hand, sometimes on the 
dorsal side. Its intensity, however, is almost always greatest on 
the palmar side, which may be due to the fact that the touch 
sense is best developed there. The upper limit of the tactile pares- 
thesia is as a rule approximately at the wrist. It begins, as al- 
ready mentioned, about 2 minutes after the compression and va- 
nishes after the further lapse of 4 — 8 minutes. 

In order to determine in what part of the nerve the tactile pa- 
resthesia originates, the following experiment was made. The arm 
was immersed in water heated to 37° C. The hand, however, was 
held above the surface of the water, as the tactile paresthesia 
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is tkeri more easily perceived. Pneumatic cuffs were then placed 
and distended at three different places on the arm. A clear des- 
cription of the results of the experiment is given in the following 
protocol: 

Time. 

O'. Cuff A. is distended up to 300 mm Hg round the middle of the 
forearm. 

2'. Scarcely noticeable tactile paresthesia at the end of the thumb. 
5'. The tactile paresthesia had cleared away. Another cuff B. was 
distended just proximally of the elbow to 200 mm. 

6.5'. Tactile paresthesia of moderate intensity spreading over the 
volar side of fingers 1, 2 and 3. 

10.5'. The tactile paresthesia had cleared away. Another cuff C. was 
distended to 200 mm as high up on the upper arm as possible. 
12'. Tactile paresthesia of considerably greater intensity than the 
preceding commences in the fingers, spreads over voh, manus 
and, with somewhat lesser intensity, over the back of the hand up 
towards the wrist. 

19'. The tactile paresthesia had cleared away. Cuffs B. and C. were 
removed. No redness of the skin distally to A.; anesthesia in the 
finger-tips gradually developing and spreading centripetally. 

In. the different places on the upper arm, nerves and blood- 
vessels can be compressed with equal effectiveness: it is therefore 
permissible to compare the compression effects at those points. 
On the forearm, on the other hand, they are less accessible, being 
protected by the bones. It should be noted, however, that the effect 
of the compression does not increase if the pressure is raised beyond 
the limit required in order to produce an ischemia in the nerve. 
As shown by Lewis and associates (1931) it is the ischemia, and 
not the pressure as such, that is effective. Since no redness of the 
skin was observed distally to cuff A., when C. and B. were removed 
(see the protocol) and an anesthesia had developed, it may be 
presumed that the blood-flow had been effectively arrested also 
during compression under the cuff A. The results of ischemia pro- 
duced on compression of the forearm are therefore comparable 
with those obtained on the upper arm. 

The experiment thus shows that tactile paresthesia spreads 
further and acquires greater intensity the further proximally the 
compression is made; this, in spite of the fact that the greater part 
of the stretch of nerve situated peripherally thereto cannot give 
rise to any paresthesia, having been already subjected to ischemia. 
Tactile paresthesia must therefore originate mainly in the most 
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proximal sogmont of tlio iiervo subjected to iscbenua. On com- 
pression of the upper arm, however, it is evidently produced to 
some extent also on the stretch of nerve passing down to the 
middle of the forearm. 

As might have been expected, its place of origin is thus mainly 
in the most proximal parts of the longest tactile fibres, which, 
as we know, are most rapidly paralyzed. At these places on the 
nerve a spontaneous activity arises, which is probably identical 
with the spontaneous firing in the A fibres of cat nerve asphyxi- 
ated in vitro (as described by Lehmann, 1937 b). In the peroneal 
type of cat nerve, it occurs during the first 8 minutes in connection 
with a lowered rheobase. In the saphenous nerve on the other hand, 
no spontaneous activity is observed. 

In man, the proximal part of the nerve fibres in the arm which 
run furthest out to the periphery would thus correspond, as regards 
their reaction, to the peroneal t 3 rpe, the other fibres to the saphe- 
nous type. 

In the leg, the reaction to ischemia is similar to that previously 
noted. Also in man, as shown by Thompson and Kimball (1936), 
the rheobase for sensory fibres is lowered during an ischemia 
lasting 10 to 15 minutes. It might further be expected that the 
accommodation would be poor or absent, as in the spontaneous 
activity of frog nerve (see p. 16). However, it was not found pos- 
sible to measure the accommodation in such cases, as the thres- 
holds could not be determined. The figures obtained are unduly 
high, seeing that the electric stimulus must override the already 
existing activity in order to be perceived at all. 

The tactile paresthesia above described, including the numbness, 
occurs in migraine, as the author has had occasion to observe on 
himself. Just as in the case of arrested blood-flow to the arm, it 
usually begins, as we know, at the periphery of the limbs and 
spreads centripetally. It occurs also on the lips, face and tongue. 
It is presumably produced, as is generally supposed, by ischemia 
of the sensory pathway or cortex, due to arterial spasm. 

The fact that the fibres running to the most peripheral parts 
are the most sensitive to ischemia thus probably holds good right 
up to the cortex. This is indicated by the fact that the hand and 
foot suffer most in vascular lesions, such as hemiplegia due to 
cerebral hemorrhage, etc. 

Tactile paresthesia is also responsible for the “tingling” and 
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numbness wbicb axe ordinary symptoms in tetany, and which 
will be described in the following chapter. 

B. After ischemia. Now, in what relation does the above de- 
scribed tactile paresthesia (No. I) stand to the form of tingling 
(No. 11) which occurs after the decompression? Subjectively, the 
symptoms are quite different, as one can easily verify on oneself 
by arresting the blood-flow with a pneumatic cuff for about 
15 minutes and comparing results. This, en 'passant, is a suitable 
method for clinical use, if u is desired to ascertain from what form 
of paresthesia a patient is suffering. As a rule it is rather difficult 
from his description of the symptoms to get any clear idea of 
its nature. It is easier for the patient to indicate whether the 
paresthesia resembles the one or the other of the types which 
occur during ischemia, or whether it is possibly of quite a novel 
character. 

If now paresthesia No. I was a tactile paresthesia, it is rather 
difficult to believe, as supposed by Lewis and co-workers (1931), 
that this was the case also with No. II. It is indeed probable that 
changes in the "impulse pattern” set up for the same kinds of 
nerve fibres may appreciably modify the subjective sensation. 
This perhaps explains why the tactile paresthesia is not distinctly 
felt as a sensation of touch. The difference between No. I and II, 
however, seems to be too marked to be explained iu this manner. 
The supposition of Zotterman (1933) that in No. II we are not 
concerned with the tactile fibres, but with other fibres of finer 
calibre, conducting pain, is thus borne out. 

It should further be observed that "tingling” II is not a uni- 
form paresthesia; one can distinguish at least two components. 
The main component consists of innumerable, well-localized short 
pricks, which are of a sharp and distinct character, not soft and 
diffuse as in tactile paresthesia. Nor are they synchronized into a 
vibratory sensation. The other component is an irradiating sting- 
ing sensation of a distinctly painful character and of considerably 
longer duration. 

If we now attempt to discuss the nature of these components, 
it may be stated that the second component subjectively 
well corresponds with the sensation of the delayed pain of 
a needle prick, which, as already shown, is conducted by the 
fine slow-conducting fibres of the C class (see the Introduction 
p. 53). 
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If an endeavour is made to reproduce "tingling” II by the stimula- 
tion of a cutaneous nerve with a constant current, we shall find 
that tactile paresthesia can be produced by currents of low strength . 
If the strength of the stimulating current is then raised to 5 — 10 
times the rheobase for the tactile fibres, the paresthesia will take 
the form of a sensation corresponding rather well to the main com- 
ponent in "tingling” II. The stinging sensation, however, cannot 
be reproduced, even if the current strength is raised to 20 times 
the rheobase for the tactile fibres. Strong currents would 
cause considerable pain under the stimulating electrode, which 
would prevent an analysis of the sensation in the area of distri- 
bution of the nerve. That the stinging sensation cannot be pro- 
duced under such conditions in response to an electric stimulus 
is not at all surprising. It would in fact have a very high threshold, 
if, as assumed, it is identical with the delayed pain conducted by 
the C fibres. 

It may also be asked whether the pricking sensation produced 
with a current strength of 6 — 10 times the rheobase for the tac- 
tile fibres is really a new sensation obscuring the preceding tactile 
paresthesia, or whether it is merely a tactile paresthesia of higher 
intensity. 

The first-mentioned alternative is borne out by an investiga- 
tion of Heinbeoker, Bishop and O’Leary (1933). Human sen- 
sory nerves were directly stimulated with a needle as the carhode. 
Condenser changes of a frequency up to 60 per second were used 
as stimuli. At a threshold of 6 to 6 times the threshold for the 
tactile sensation, a painful sensation, which obscured the first- 
mentioned one, was produced. Also on the stimulation of dog 
nerve a distinctly painful sensation was produced by currents of 
the same relative strength. On the electroneurogram of excised 
human nerves and in exposed dog nerves, the potentials corres- 
ponding to the two sensations could then be identified. The tactile 
sensation was thus conveyed by the large and fast fibres, the pain- 
ful one by a potential component with a slower conduction rate, 
from 30 to 16 metres per second. 

There is thus some reason to presume that "tingling” II is a 
pain paresthesia, combined with another component which has 
its origin in fibres with a conduction speed of 30 to 15 metres 
per second. 

The change in the electric excitability may be presumed to be 
the same as in the motor fibres, notably a lowered rheobase and an 
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accommodation about zero, giving rise to spontaneous activity 
in the motor fibres of liuman nerves and frog nerve. 


7. Summary and Conclusions, Section IT. 

Ischemia caused by compression affects the motor fibres so 
that the rheobase diminishes during the first 10 — ^20 min. and 
then rises above the original value, as a rule first slowly, then with 
increasing rapidity. Complete lack of response to the stimulating 
current is scarcely reached before 30 min. As soon as the blood- 
flow is released, the rheobase is again rapidly lowered: after a 
lengthy ischemia of 30 min., down to about 50 — ^70 per cent, be- 
low the original value. Then follows a second rise of the rheobase 
above its initial value. On this level it is maintained for some 
time, the extent of wluch depends upon the duration of the pre- 
ceding ischemia. 

In general, the accommodation changes parallel with the rheo- 
base. Thus it rises during the ischemia, in order afterwards to 
fall below the original value. After a sufficiently long period 
of ischemia, accommodation drops to about zero, parallel with 
the similar change in the rheobase. Afterwards, however, accom- 
modation rises in a lesser degree than the rheobase and does, not 
as the latter, surpass its original value. 

Ischemia affects the slope of the accommodation curve so 
that it tends to become steeper. This tendency is most pro- 
nounced in the initial part of the curve and affects its latter portion 
to a lesser extent, so that the accommodation curve as a 
whole de viates from its initial rectilinear part and bends in a 
gradually diminishing slope. In tests on man this type of curve 
must be regarded as pathological. It has never been observed 
under normal conditions. 

After an ischemia of 20 — 30 min., steep accommodation curves 
are obtained of a type which in excised frog nerve is held by 
many authors to be normal. Under such conditions there is neither 
breakdown of accommodation nor a cathodal closing tetanus in 
man. The nerve therefore requires a minimal current gradient 
for excitation. As the existence of a minimal current gradient 
in man is a pathological phenomenon, caused by circulatory dis- 
turbance, we must ask whether a similar explanation does not 
hold good also of excised animal nerve. Breakdown of accom- 
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inodation, regularly seen in man and other mammals, is probably 
a feature common to all nerves. 

After decompression, accommodation tends to decline to zero,, 
and the nerve may entirely loose its capacity of accommodation 
for some length of time, depending on the duration of the preceding 
ischemia. 

Both during and after ischemia the changes in rheobase and 
accommodation are best marked in the proximal part of the 
longest fibres of the ischemic nerve. Thus accommodation may be 
different in different parts of a nerve under pathological condi- 
tions. Possibly some difference exists even in normal nerve 
along its course, though this could not be shown by the method 
of investigation. 

Some minutes after the release of the blood-flow, fascicular con- 
tractions appear in the muscles of the hand. It has been shown that 
they are caused by spontaneous activity generated in the highly 
sensitive proximal portion of the ischemic nerve. These fascicula- 
tions coincide with the minimal values for accommodation and 
rheobase, which likewise reach their lowest point in this same region 
of the nerve. This type of spontaneous activity in motor nerves 
of man is thus characterized by a low rheobase and low or absent 
accommodation. The low accommodation also explains the slow 
muscle contractions already obtained by stimulation of the nerve 
at rheobase strength, a phenomenon first observed by Boim- 
GUiGNON and Laugieb. 

The fasciculations may be regarded as the motor equivalent to 
the paresthesias which originate in the same proximal portion 
of the nerve after ischemia. Consequently, the sensory phenomena 
termed paresthesias, are due to spontaneous activity caused by 
a lowering of the rheobase and diminution of the accommoda- 
tion, such as was found in motor nerves. 

Detailed analysis of these paresthesias has given the following 
results: 2 — 7 min. after the arrest of the blood-flow, a touch 
paresthesia originating in the fibres for light touch is observed. 
During the recovery after decompression, a paresthesia consisting 
of two components is perceived. The one component may be 
localized in finer fibres than those transmitting light touch, 
though the character of the sensation cannot be determined 
with certainty. The other component is definitely in the nature 
of a sensation of pain. 



T. leiTe accommodation in tetany. The in- 
fluence of the reduction of ionized calcium on 
the neiTe’s reaction to ischemia; the neiTous 
mechanism of typical paresthesia; spasm and 
fasciculations in tetany; the mechanism of 
the Trousseau sign. 

1. The accommodation in some clinical cases Trith 
symptoms of tetany. 

In two clinical cases of tetany, Solaitot (see the historical 
section, p. 18) observed a poorer accommodation, measured on 
the ulnar nerve, than normal. As shown by some clinical cases 
which will now be reported, this observation has been on the whole 
confirmed by the author. 

Case 1. Maria P., aged 31. Parathyreoprival tetany. Pell ill in 1939, 
in coimection with thyroidectomy. Since then she had almost daily 
(especially ia the morning) been subject to stiffness and tension in her 
fingers. Especially during menstruation, or in infections accompanied 
by fever, the feeling of tension usually increased, typical tetany spasms 
occurring in the fingers. Neither spasm nor the feeling of teasion had 
occurred in other muscles than those of the hand. She complained of 
a fireq^uently occurring feeling of numbness in her hands and forearms, 
but, had not noticed any actual paresthesia. Her vision showed nothing 
noteworthy. 

She was examined by the author on the 16th May 1942. A few 
hours before this examination she had had typical spasms in the 
fingers. The feeling of tension and some stiffness still persisted. 
In the thenar and hypothenar eminences and in muse, interossei 
moderate fasciculations were observed. Chvostek sign positive 
bilaterally , in all three branches of the facial nerve. Trousseau 
sign positive. Blood calcium 8.5 mg %. 
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Fig. 1C. Accommodation curves recorded from the letnny c.spfs 1, 2 and 3 on the 
ulnar norvo excited at the elbow. Curve 1, index: minimal twitch ol>scrvcd at viufc. 
inteross. dors, 1. Eheobaso 0.4C mA. Accommodation slope: 3, Curve 2, index: 
minimal palpable twitch in the tendon of muse. flex. carp. uln. Rheohase O.S niA. 
Aco. slope 10.5. Curve 3, inde.v as in curve 2. Rhcob.iso 1.5 mA. Ace. slope: 15. 


At the time of examination the patient tvas evidently on the 
verge of manifest spasms in the small muscles of the hand. (This 
was the only clinical case which I have had occasion to examine 
during the actual course of muscular irritation.) On stimulation 
of the ulnar nerve at rheobasic strength at the elbow, a slow tetan- 
ic contraction in ??iwsc, interossei dorsalcs, odduclor folUcis and 
abductor digiti 5 was observed. The rheobasc was O.-IC mA and the 
initial accommodation slope, measured at muse, inteross. dors. 1 
and muse, digiti 5, which were most easy to observe, was merely 
3. If an observed twitch in muse, flexor carpi idnaris was, instead, 
taken as an index, the contraction was found to be normal. The 
rheohase was then O.o mA, the slope 14 and the breakdown 
of accommodation occurred at 2.5 rheobases. The radial nerve, with 
a twitch in the tendon of muse, extoisor polUc. longus as an index, 
had a rheohase of 1.7 mA and a slope 18. It was also interesting 
to observe that, if the ulnar nerve was stimulated at the wrist, 
the response in the muse, interosseus to the rheobasic current was 
precise and rapid, and that the accommodation measured at this 
point was better than at the elbow. 

On the following day the feeling of tension and the fasciculations 
had vanished, but the accommodation in the nerve fibres of muse, 
inteross. dors, was still bad, namely 8, as compared with 14 in the 
fibres of muse, flexor carpi ulnaris. In the peroneal nerve the cor- 
responding figure was 14, in the facial nerve 20. 
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SuHunmg up, it may tlrns be stated that, when muscular irrita- 
tion occurred in tbe form of fasciculations and stiffness in tbe 
small muscles of tbe band, tlie capacity for accommodation, as 
measured at tbe elbow in tbe nerve fibres of these muscles, was 
almost absent. Further distally it was somewhat better. In other 
examined nerves, the accommodation was less affected. 

Case 2. Ellen L., aged 37. Cancer pancreatis. She fell ill on the 21th 
Dec. 1942 %vith dull pains in the epigastrium and vomiting. The vomit- 
ings continued, and after the 22nd January 1943 had a daily volume 
of about 2 litres. During this period the patient was now and then 
subject to paresthesia and a feeling of numbness in her face, hands 
and legs. Blood calcium: on the 7th January 9,5 rag %. On the 26th 
January the chloride of sodium in the serum was 295 mg % and the 
chlorine ISO mg % (normal values 560—630 mg % and 340 — 380 mg %, 
respectively). Chvostek and Trousseau signs positive throughout. X- 
ray e.vamination of the stomach revealed that it was filled with fluid 
but not dilated and otherwise showed no pathological changes. The 
patient steadily declined in health and died on the 17th February. 
The postmortem showed a cancer of the pancreas which had constricted 
the intestine. 

This is a typical case of gastric tetany, resulting from prolonged 
vomiting, ^rith the loss of acid valencies and consequent alkalosis 
(see jSTothmak, 1937). The accommodation was determined on the 
ulnar nerve, with a palpable twitch in the tendon of tnusc. flexor 
carfi vlnaris as an index. On the 25th January it was 10.5, -svith 
the breakdown at 1.8. The rheobase was 0.5 mA. On the 30th 
January the corresponding values were 10, 1.6 and 0.5. At the 
examinations the Chvostek and Trousseau signs were positive^ 
but there was no manifest tetany. The patient declared that her 
paresthesia corresponded with the paresthesia and feeling of 
numbness which occurred about a minute after the hlood-flow 
had been arrested with a pneumatic cuff round the upper arm. 
The paresthesia from which she had been suffering was thus a 
tactile paresthesia. 

Case 3, Viola 0., aged 35. Parathyreoprival tetany. In connection 
with thyroidectomy in 1933, she had suffered from typical spasms 
in her hands, which continued for a week or so. Since then no manifest 
symptoms of tetany, no spasms or paresthesia. Since 1939 increasing 
diminution of vision, which was ascertained to be due to a cataract in 
both eyes, for which she was operated in 1941. Blood calcium: about 
7 mg % during several years, on the 7th January 1943 6.8 mg %. 

At the medical examination on the 6th February 1943 positive 
Chvostek and Trousseau signs. The initial accommodation 
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slope, measured on tlie ulnar nerve, vritli a palpaljle twitcli in tlie 
tendon of muse, flexor carpi vlnaris as an index, was 16. The break- 
down of accommodation occurred at 1.8 times the rheobasic 
strength, the rheobase being 1.4 mA. 

Case i. Elsa B., aged 56. Status post ectomiam adenomaiis para- 
tliyreoiieae. Operated on the 7th December 1913, when a paiathyxoid 
adenoma, of the size of a brown bean, was extirpated. On the day after 
the operation, paresthesia and numbness in the hands, lower legs and 
face. Afterwards also occasional spasms in the hands and round the 
mouth. Blood calcium; on the 12th December 7.5 mg %, on the 16th 
December 8.8 mg %. 

At the examination on the 16th December 1943, positive Chvos- 
tek and Trousseau signs, but no manifest tetany. The patient 
declared that the paresthesia from which she had been suffering 
was of the same nature as that produced by the pneumatic cuff 
test. The initial accommodation slope on the ulnar nerve, with a 
palpable twitch in the tendon of muse, flexor carpi ulnaris as an 
index, was 15. The breakdown of accommodation occurred at 
2.8, the rheobase being 0.7 mA. 

Case 5, Maja lY., aged 37. Parathyicoprival tetany. Bell ill in 
connection with thyroidectomy in 1931. During the first few years 
after the operation, daily spasms in the hands, a feeling of tension 
in the face as well as paresthesia in the face, arms and legs. Since 1936 
had taken 1 — 2 cc AT 10 a week, with a noticeable improvement in her 
symptoms. Latterly she had suffered only quite occnsioually from 
spasms in the hands and tension in the face, and somewhat oftener 
from paresthesia with typical localization. In connection with the 
paresthesia she had noticed a feeling of numbness. Blood calcium: on 
the 21st January 1944, 7,1 mg %. 

At the examination on the 21st January 1944 the patient 
showed positive Chvostek and Trousseau signs. After the pneu- 
matic cuff test, the patient declared that the paresthesia from 
which she had been suffering was of the same nature as the tactile 
paresthesia just experienced. The initial accommodation slope, 
measured on the ulnar nerve' with a palpable twitcb in the tendon 
of muse, flexor carpi ulnaris as an index, was 18.5. The breakdown 
occurred at about 3, the rheobase being 1.5 mA. 

Summing up, it may thus be stated that in four out of the five 
cases of tetany, the figure for the initial accommodation slope is 
lower than the minimum figure, 16, measured in 100 normal 
cases. In the fifth case it was 18.5. The figure for the breakdown 
of accommodation, wbich is almost identical with the cathodal 
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closing tetanus, varies, broadly speaking, parallel' with the figure 
for tbe initial slope (see 5'ig. 16). Thus the less steep the slope, the 
lovrer the, value for the breakdown of accommodation. 

In case No. 4, however, where the value for the initial slope was 
pathologically low, the breakdoAvn occurred at about 2.8, a figure 
which lies trithin the normal variations 2.5 — 5. But this may be 
explained by' the difficulty in determining it accurately, since 
threshold values with slowly rising currents are not easily com- 
puted, and the slope in this case bordered on the normal. 

It may be questioned whether the determinations of accom- 
modation have any practical diagnostic value when there is a reduc- 
tion of ionized calcium. In order to settle this question, compari- 
sons must be made with the other diagnostic methods employed 
in practice. The most commonly adopted electric method is to 
determine the thresholds to cathode and anode, which Ebb (1874) 
showed to be lowered. Ebb also pointed out that the figure for the 
cathodal closing tetanus fell, both absolutely and relatively to the 
cathodal closing t-^vitch, as the difference between them di- 
minished, Now, as above indicated, the cathodal closing tetanus 
is in reality nearly identical with the breakdown (see p. 30). If 
its value, as also that of the breakdown, is expressed in multiples 
.of the rheobase, in order to eliminate the effect of the thickness 
of the. subcutaneous fat, etc., — which so seriously reduces the 
importance of the absolute value of the thresholds as a diagnostic 
— , the cathodal closing tetanus is undoubtedly of the same value 
as the breakdown. However, both are difficult to observe and 
require, for exact determination, electro-myographic recording of 
the muscle action potential as an index, direct observation of the 
slow muscle contraction being unreliable. 

The normal value of the rheobase on the ulnar nerve is stated 
by Nothsian (1937) to lie between 0.6 and 1.8 mA, which accords 
well with the values obtained concurrently with the accommoda- 
tion in the normal cases reported on p. 31, if male as well as female 
subjects are included. The rehobase would then be pathologically 
low, only in case 2. It is therefore, as is generally held, of small 
diagnostic value. 

As regards the cathodal opening contraction, which after the 
investigations of Mann (1900) and Thiemich (1900) has been used 
especially in examination of children, where it has proved to be 
of value, it can be stated that in none of my cases could it be ob- 
served to fall below 5 roA, which is usually regarded as the normal 

&~U13i2 
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lower limit. It is quite possible that it was actually much lower, 
but, owing to tbe marked catbodal closing tetanus, tbe muscle 
was contracted, so that no opening twitck could be observed. 

Tezner (1924) xecommends tbat, in, suet cases, tte current 
stould be maintained pending tte cessation of tte closing tetanus, 
wiereupoE it would be possible to observe tte opening contrac- 
tion alone. Ttis procedure, towever, would involve tte intro- 
duction of a source of error arising from tte additional electro- 
tonic changes wtict take place during tte action of tte current, 
and wtict are dependent on its strength and duration. It is quite 
easy even in normal subjects to produce an opening contraction 
under 5 mA, provided that a current of tte requisite strength is 
allowed to act for a sufficient length of time. This artificial inter- 
ference is therefore- open to serious objection. 

Thus in all these cases tte cathodal opening contraction was 
valueless as a diagnostic. This is in striking contrast to what is 
observed in children, where it is often lower than the closing teta- 
nus, which therefore does not usually impede tte determination. 
This surprising distinction is presumably due to some difference 
between the peripheral nerves of children and adults. 

In judging tte comparative value fo the Chvostek and Trous- 
seau signs as a diagnostic, it stould first be noted that both were 
positive in all five cases, Now, as is generally known, the Chvostek 
sign is positive in a ratter high percentage of adult normal cases. 
I therefore have tte same inpression as that of certain otter in- 
vestigators (e.g. Faita, 1928), that, unless the symptom is very 
pronounced, with a marked contraction in all the branches of tte 
facial nerve, its diagnostic value is very limited. 

As regards tte Trousseau sign, on tte otter hand, no data are 
available as to tow frequently, if indeed at aU, it may occur among 
what we usually call normal cases. On examination of 40 medical 
students and hospital nurses, an indication of it was observed 
merely in a single case, whereas more or less marked Chvostek 
signs were seen in 10 cases. In 8 additional cases the faciats 
phenomenon was also observed. (The Chvostek sign is defined 
here as a twitch elicited from one of tte branches of the facial 
nerve by tapping that nerve anterior to the auditory meatus, 
and tte facialis phenomenon as a twitch produced on tapping 
the region between tte zygomatic arch and tte corner of tte 
mouth.) See Nothman, 1937. 

Thus, so far as can be judged from the relatively small number 
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of cases reported above, tbe Trousseau sign -would, seem to be tbe 
most reliable of these diagnostics. Compared -witli tbe various 
electric methods of determination, it has the additional merit 
of being much simpler. The performance of this test requires 
neither special apparatus nor special training. It should be noted 
here, ho-wever, that, as -will be sho-wn further on, the test is most 
effective if the pneumatic cuff is placed as high up as possible on 
the upper arm. 

It may be desirable to point out that the above discussion refers 
to conditions, in adults. 


2. Nerve accommodation in tetany produced by forced 

respiration. 

As first sho-wn by Grant and Goldman (1920), all the symp- 
toms of tetany can be produced, in a convenient -way, by hyper- 
ventilation. In order to study the es^citability in the nerve during 
or near the stage where its muscle shows symptoms of irritation, 
the accommodation and the rheobase were studied on the ulnar 
nerve of 5 experimental subjects during forced respiration. Ex- 
ploring electrodes were fixed firstly at the axilla and secondly on 
the -wrist, in order to test the changes which take place in the nerve 
proximally and distally. In both cases a minimal observed t-witch, 
located at the same place in muse, interosseus dorsalis 1, was 
taken as an index of the excitatory effect. It may therefore be 
presumed that the excitability was investigated on identical 
nerve fibres. 

In these tests no certain difference in accommodation proximally 
and distally could be observed at the outset. As the experimental 
subject cannot keep the arms quite still whilst taking as deep 
breaths as possible, the rheobase values are somewhat uncertain. 
In these circumstances the electrodes are liable to shift their 
position, which, as already sho-wn (p. 27), affects the rheobase, 
but does not appreciably modify the figure for the accommoda- 
tion. 

Hyperventilation for a few minutes, as is well kno-wn, produces 
a feeling of tingling, which begins in the face and in the distal 
parts of the extremities, from which it spreads centripetahy. 

After a varying space of time (in my cases 6 — 20 minutes), 
partly depending on how far the experimental subject is able to 
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breathe deeply throughout, symptoms of muscular irritability 
begin to manifest themselves. Mrst as a rule in the facialis region 
round the mouth, afterwards in the hands and lower legs. The 
first symptom is a feebng of tension, as though the muscle were 
striving to contract. It is interesting, however, to note that, de- 
spite a rather strong impression that the fingers are trying to 
assume the typical spastic position, there are at first no distinct 
objective symptoms of spasm. Somewhat later this feeling of 
tension passes into a manifest spasm. The non-corres'pondence 



Fig. 17. Comparison between the changes in accommodation at the axilla and 
at the wist in fibres of the ulnar nerve to mxtsc. inteross. dors. 1. dtiring hyper- 
ventilation. The dot-and-dash line shows the changes at the a-villa, the broken 
line fche changes at the wnst. The arrow indicates where the hyperventilation 

ceases. 


bePiveen the feeling of tension and the s'pasni itself, makes it probable 
that the tension is really a paresthesia, i.e. started by inadequate 
stimulation and not caused by the spasm. In connection with the 
spasm, or perhaps most often when it has subsided, fascicular 
twitches were observed in the hand. 

The measurements of accommodation were made distally and 
proximally on the nerve, especially at the stage when the muscle 
is on the verge of spasm. During the actual spasm the accom- 
modation cannot be determined, seeing that, when a new con- 
trition is superadded to that already existing, the thresholds are 
Mble to be computed unduly high. This source of error makes 
Itself felt especially during excitation with a slowly rising current. 

The results of the determinations made proximally and distaUy 
during the feeling of tension in the hand are summarized in Table 
.^Vi. In cases 1 and 2, fascicular twitches were also observed. 
As the_ values change rather rapidly during deep respiration, the 
determinations were first made distally at the wrist and imme- 
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diately afterwards at the axilla, whereupon, for the purposi of 
control, a renewed determination was made at the wrist. 

As will he seen from the table, the changes in the rheobase as 
well as in the accommodation are more marked proximally than 
distally. This is shown also by Kg. 17. 

Table XTI. 


The electrical excitahiliiy at the axilla and at the wrist on the motor 
nerve fibres of 7niisc inteross. dors. 1 during forced respiration, 
when a sensation of tension is felt in the hand muscles. 


Case 

■ 

Before forced 
respiration 

Dining forced respira- 
tion 

Axilla 

Wrist 

Wrist 

Axilla 

Wrist 

1. 

Rheobase 

l.G 

l.G 

1.1 

0.2 

mm 

A — n. 

Acc. slope 

18 

16 

12 

2 

10 


•Breakdown* 


3 

2 

1.2 


2. 

Rheobase 

1.8 

2.5 

1.8 

0.5 

1.8 

D— n. 

Acc. slope 

20 

20 

14 

3.5 

14 


♦Breakdown* 

3 

3 

3 

1.5 

3 

3. 

Rheobase 

2.2 

l.G 

1.5 

0,8 

1.3 

J — ^n. 

Acc, elope 

20 

20 

20 

6 

20 


♦Breakdown* 

3,4 

4 

3.3 

1.8 

3.7 

4. 

Rheobase 

2.4 

2.4 

1.8 

0.8 

1.8 

E— n. 

Acc, elope 

20 

24 

22 

4 

20 


♦Breakdown* 

3 

3.8 

2.8 

1.4 

3 

5. 

Rheobase 

2.3 

2.4 

2.0 

i.. 

1.6 

K — ^n. 

Acc, slope 

19 

19 

16 

7 

13 


♦Breakdown* 

3 

3 

3 

1.9 

3 


In regard to the rapidity of the muscle contraction proximally 
and distally, a difference could at once be observed. The response 
to stimulation proximally was slow and tetanic even at currents of 
or about the rheobasic strength, the nerve being unable to set up 
any counteracting process. To stimulation distally, on the other 
hand, the response was rapid. ^ 

^ Apart from a single case, where it was slower than normal, though not in 
such a marked degree as proximally. 
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In spite of these quantitative differences, the changes vrere of 
similar character proximally and distally, reaching their maximum 
on the verge of the spasm, which is marked by a substantial fall 
in the rheobase, concurrently with a slowing-down of the accom- 
modation. Proximally, especially in the cases with fasciculation, 
the accommodation was almost non-existent. 

Attempts were also made to ascertain whether there was any 
difference in accommodation between the long and the short 
fibres, by stimulating the nerve at the elbow and taking alter- 
native readings with a twitch in muse, interossci of the hand and 
in muse, flexor carfi ulnaris as an index. They showed that the 
slowing-down of the accommodation was probably more marked 
in the fibres of the hand. The difference, however, seemed to be 
less than that observed proximally and distally in the same nerve 
fibres. But, as the experimental subjects found difficulty in keep- 
ing their arms perfectly stiU while respiration was proceeding, the 
difference could not be determine’d with certainty. 

All the experimental subjects, as also the author in tests on 
himself, noted that the typical tetany paresthesia, which begins 
in the face, hands, feet and lower legs, after a few minutes forced 
respiration becomes identical with the tactile paresthesia produced 
by stimulation with a weak electric current, or occurring shortly 
after the arrest of the circulation to a limb. 

To sum up, during hyperventilation both rheobase and accom- 
modation are lowered in the ulnar nerve. This change reaches its 
maximum when fasciculation — and, in a somewhat lesser degree, 
also when the feeling of tension — appears in the muscles of the 
hand. The diminished accommodation and rheobase or, what 
amounts to the same, the increased excitability is greater when 
measured st the axilla then at the wrist. The paresthesia felt is 
of a tactile nature. 


3. The effect of a deficiency of ionized calcium on the 
nerve response to ischemia. 

As shown in the preceding chapter, compression of the upper 
arm produces a paresthesia in the hand, due to spontaneous ac- 
tivity in the most proximal part of the longest tactile fibres of the 
ischemic nerve. After the ischemia, provided that it is of suffi- 
ciently long duration, a mixed” pain paresthesia ensues, as well 
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as fasciciiiar twitciies, localized especially in tlie liand. Botih' these 
phenomena have their origin in the most ‘proximd fart of the nerve; 
Ischemia thus normally gives rise to symptoms of escitation.. 

In cases of deficiency of ionized calcium, as we know, another 
such phenomenon, namely the Trousseau sign, which takes the 
form of a tonic spasm, especially in the muscles of the hand, is 
also observed. Moreover — though this does not seem to be 
known — certain changes occur in the reaction of the sensory 
nerve fibres. If a pneumatic cuff is placed and distended round the 
upper arm above the systolic pressure it will be found, after hyper- 
ventilation, for some minutes, that the tactile paresthesia begins 
earlier and has greater extension and intensity. This happens even 
before the Trousseau sign is observed. In all the abOve-xeported 
cases of tetany the tactile paresthesia spread centripetally up to 
or above the elbow, whereas normally, as ascertained in 60 normal 
cases, it spreads only to about the wrist. A deficiency of ionized ccd- 
dum thus reinforces the effect of the ischemia^ the result being that 
the shorter tactile fibres, as well as the longer, begin to discharge 
spontaneously. 

These findings accord well with those of Lehmann (1937 b). 
He found that cat nerves of the saphenous type in. vitro, which 
had shown no tendency to spontaneous activity during the first 
few minutes of asphyxiation, acquired such a tendency if they 
were made alkaline or def rived of calcium. Conversely, nerves of 
the peroneal type, which showed marked spontaneous activity 
during asphyxia, could be made to resemble the saphenous type 
of nerve by acidosis or by the administration of calcium. From 
this it might be concluded that the tactile paresthesia induced by 
ischemia would vanish, or at any rate subside, on acidosis or hyper- 
calcemia. I have not, however, had an opportunity to ascertain 
whether this is actually the case. 

The symptonas of irritability after ischemia are likewise con- 
siderably heightened. In all five cases of tetany the fasciculations 
after ischemia for 15 minutes were so marked that the hand as- 
sumed the typical spasm of the Trousseau phenomenon. This sign 
may therefore be of some diagnostic value. The tingling also 
shows considerably greater spread and intensity. HormaEy, after 
ischemia for 15 minutes it is located in the hand only. In all the 
cases of tetany, however, it spread to the whole forearm and upper 
arm up to the edge of the pneumatic cuff. 

In addition to the intensification of the normally occurring 
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symptoms of irritability and the appearance of the Tro\t.*?scau 
phenomenon, the nerve's increased pensitivene.«s to ischemia mani- 
fests itself also in the more rapid paralysis of the nerve. Lnms 
and co-workers (1931) state that, if the arm is rendered ischemic 
by a pneumatic cuff round its upper part, tljc mtiscles of the hand 
are paralyzed in about 25 minutes; and that the sense of touch in 
the tips of the fingers begins to be jmralyzed after 15 minutes. 

These times accord well with my own experience, .Amonc 15 
healthy subjects subjected to ischemia for 25 to 30 minutes, the 
small muscles of the hand wore paralyzed in 2 cnse.s after 18 minu- 
tes, in the other cases after the lapse of 20 — 30 minutc.s. In 41 
cases subjected to ischemia for 15 minutes, neither paralysis nor 
paresis was observed in the hand or the muscles of the arm. In 
those cases (about 10) where the sensibility was investigated, all 
that was found was a feeling of numbness, involving the two 
outermost phalanges of the finger. 

The figures for the time taken to bring about imiscle par.ilysis 
in the five tetany cases arc given in table XVII. In tlu'so cases 
too the anesthesia was tested ivith a piece of cotton-wool. 

Table XVII. 


Tivie iaken io produce ischemic inohr and (uedh parahjsh fn 

ieiany cases. 


Cnso 

Motor paralysis * 

i 

Ant''thr‘<ia | 

i 

I. 

12' Total motor paralyris of fingers 
and -wrist 

12' np to the middle of the dorsal s 
side of the fore-arm | 

11 . 

13' Total motor p.aralysis of fingers 
and wrist 

13' tip to the middle of the dors-al J 
side of the forearm ’ 

III. 

7' Discontinued because of pain 


VI. 

16' Paralysis of the small hand 
muscles 

» 

lo up to the middle of the dorsal j 
•■side of the forearm ; 

V. 

16' Total motor paralysis of fingers 
and wrist 

16' up to tho wist 


As will be seen from the table, the paralysis both of the motor 
and sensory fibres is accelerated. A deficiency of ionized calcium 
thus considerably intensifies the sensitiveness to ischemia. This 
may be explained, at any rate in part, by the greater require- 
ment of oxygen entailed by the increased acti\'ity in the sensor}* 
and motor fibres. Summing up, it may be stated that the dimi- 
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nution of ionized calcium augments the spontaneous nerve act- 
ivity occurring during and after ischemia. At the same time the 
nerve is more easily paralyzed by ischemia. 


4. The nervous mechanism of the typical symptoms of 

irritability. 

The mechanism of the symptoms of irritability in tetany has, 
in the course of years, been dealt with in several investigations by 
various authors. Most of these investigations have been made on 
animals suffering from experimentally induced tetany. The symp- 
toms of tetany vary in different lands of animals (Dbagstedt, 
1927), and the forms of the disease also deviate somewhat from 
those in human subjects. The principal symptoms, however, are 
the same: the spasms, the fasciculations and increased electric 
excitability of the nerve. There is every reason to conclude that the 
mechanism in man is the same as in the laboratory animals, cats 
and dogs. The investigations made on animals are, however, partly 
conflicting. 

In man the different symptoms of irritability in a tetany 
attack typically occur in the following sequence: first "tingl- 
ing”, and then the typical tetany spasm, with an intense 
sensation of tension in the affected muscles. As pointed out 
in Chapter 2, there is a certain lack of correspondence 
between the spastic sensation and the objective symptoms of 
spasm, the feelmg of tension being considerably intenser than 
might have been expected from the slight, at first barely percep- 
tible, spasm. Fasciculations may occur, and if they do so, usually 
appear in close connection with the spasms. In man, however, 
as compared with cats and dogs, this symptom is but little marked. 
Concurrently with the symptoms of irritability, the electric excita- 
bility in the nerves is increased. The entire sequence of symptoms 
has been studied in this paper, whereas previous investigators 
have dealt with the spasms, the fasciculations and the changes in 
electric excitability only. A brief description of these investiga- 
tions will now be given. 

Electrical excitability. The earliest and most constantly occurring 
phenomenon observed in experimentally induced tetany in animals 
has been found to be an increase in the electrical, and to some extent 
in the mechanical, excitability of the motor nerves. The electrical 
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excitability has been measured as the thresholds for the cathodal and 
anodal closing and opening contractions. However, it was not foimd 
possible to refer any nervous symptoms to the increase of the excita- 
bility thus tested. Indeed, Paton, Pindlay and Watson (1916) state 
that the absence of direct relationship between the severity of the 
nervous symptoms and the electrical excitability of the peripheral 
nerves clearly shows that this altered excitability is of subsidiary 
importance compared with the changes in the central nervous 
system. 'The increased excitability of the nerves is independent of 
the central nervous system, seeing that, as shown by MacCalltoi 
(1913), Paton and associates (1916), West (1935), etc,, it continues 
after section of the nerve. As MacCalltjm showed by perfusion of the 
isolated leg of a normal dog with blood from another tetany dog, it is 
duo to the direct action of the blood on the peripheral nerve. According 
to Paton and co-workers, the nerve-endings appear to be the point acted 
upon, seeing that in cross-circulation experiments, the result of stimula- 
tion of the sciatic nerve bathed in the animal’s blood varies according 
to the changes produced in the peripheral nerve supplied with the 
foreign blood. 

Fasciculuiions and tonic spasms. In regard to the mechanism of the 
motor symptoms of irritability. Mustard (1911) states that ablation 
of the motor cerebral cortex in parathjTroidectomized dogs has no effect 
on the symptoms. Paton and associates (1916) maintain that, whereas 
the cerebral arch is not directly involved in the production of spasticity 
tremor and jerkings, the integrity of the cerebellar arch is essential for 
the spastic tone. Spieoel and Nisohikawa (1923), on the other hand, 
contended that ablation of the cerebellum had no effect, and located 
the centre of the tonic spasms in the pons and medulla oblongata. 

Carlson and Jacobson (1911), as also Mustard (1911), found that 
on high thoracic transection of the spinal cord in parathyroid tetany, 
the symptoms posterior to the lesion disappeared. According to Luck- 
HARDT, Sherman and Sebbin (1920), on the other hand, fibrillary con- 
tractions and clonic spasms still occur posterior to the transection. The 
tonic spasms are less pronounced anteriorly. They further’ noted, in 
parathyreoprivic dogs, a great increase in the reflex irritability during 
tetany attacks. West (1935) found that transection of the cord had 
no effect on the symptoms distally thereto; tonic, clinic and fibrillary 
tetany continued. 

According to Paton and associates, section of the nerves abolishes 
all spasm, tremor and jerkings. West (1935), on the other hand, states 
that fibrillary, tetany continues after nerve section; and that dorsal 
root section abolishes “tonic” tetany, which is thus dependent on the 
integrity of the lowest reflex spinal arch. Prom these experiments he 
inferred that parathyroid tetany arises essentially from the action in 
the blood directly on the muscle, which gives rise to fibrillary tetany 
and raised electrical excitability. Given the integrity of the spinal 
reflex arch, the individual muscle contractions are synthesized into 
tome spasms. Other authors, such as Palta (1928), locate the origin 
o the paresthesias and spasms in the medulla spinalis and oblongata. 
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Some further investigations have been made on human subjects. 
Schaffer (1920) recorded the muscle action potentials in the spastic 
muscle on the occurrence of the Trousseau phenomenon. He found 
that the potentials had the same frequency and character as is typical 
of voluntary contraction. From this he inferred that the Trousseau 
spasm is maintained by impulses proceeding from the centre. 

Behrendt and Freudenrero (1923) studied the spasms in hyper- 
%'cntilation tetany. They found that the Trousseau phenomenon could 
be produced in the arm after anesthesia of the arm plexus with novocain. 
Such anesthesia of the ncrvus tne^ianus, ulmris and radialis at the wrist 
did not prevent the occurrence of spasm in the paralyzed hand. But in 
one, at any rate, of the two reported c,\'periment8, the typical hand 
posture did not occur, but a inoximal flc.xion of the finger instead of 
extension o( the end phalanges. 

DiTrLF.R and Freudendf.kg (1923) took records of action potentials 
in the band muscles: they found that spasms in the hands might occur 
without the action of such impulses. From this Behrendt and Freu- 
DENBERG coocludc that the spasm is not maintained by impulses from 
the motor paths, but u*ith the aid of special parasympathetic “tonus 
fibres”; and that the blood changes which produce the spasm act di- 
rectly on the nerve-endings, seeing that, if novocain is injected, instead, 
into the muscle itself, it con.siderably reduces the spastic tendency. 

Dittler and Fretoenberg subsequent!}’- (1921) controlled the novo- 
cain c.vperiments, in ww of the possible error that the small muscles of 
the hand, when records were taken of the action potential, might not 
have taken part in the spasms. The spastic posture of the hand, they 
thought, might be caused solely by the long muscles of the fingers, 
which were not paralyzed by the novocain. This was indicated by the 
atj-pica! attitude of the hand. 

The results of these renewed tests were partly conflicting. We must 
therefore for the present leave open the question whether the tests 
conduce to substantiate the probability that spasm without action 
potentials really exist.s, or whether the tetany spasm can occur at 
all when the motor fibres have been blocked. 

It has also been discussed whether the Trousseau sign is a purely 
peripheral phenomenon, as was supposed by Trousseau himself as 
well as by TmEsnon and others, or merely a reflex, as contended 
by Franke-Hooh-wart and Scheesinger (cited by Nothaian 1937). 

a. The electrical excitahiliiy- 

That the excitability in the nerve endings should determine the 
excitability of the whole nerve, as Paton and co-workers seem 
to consider, is scarcely probable in view of the experiment report- 
ed on p, 66. In that test the electrical excitability in the peripheral 
part of the nerve could, by means of ischemia, he caused to vary 
within wide limits without any modification of the excitability 
xn the proximal non-ischemic part of the nerve. In order to settle 
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Fig. 18. Tiio changes in rhoobnso nntl necommodation proximnlly (brolccn line) 
and distally (solid line) to a pneumatic cuff distended above the .systolic^ pre.fstire 
during hyperventilation. The hjTiorvcntilation commcnce.s at the point indic.ated 
by the arroiv. The rheobaso is given in the absolute value, the necommodation 

in the relative. 


tiiis question as regards human subjects, tests were made in which 
the excitability was determined firstly at the wrist, and secondly 
at the middle of the upper arm on the fibres of the ulnar nerve to 
imtsc. inter OSS. dors. 1. A pneumatic cuff was distended some- 
what proximally to the elbow between tlic electrodes. It was kept 
on for 9 minutes in order to give time for tbe subsidence of the 
increased excitability (in the ischemic part of the nerve), which at 
any rate comprises the rheobase. The forced respiration then com- 
menced. See Fig, 18. 

Owing to the arrest of the blood-flow to the periphery, the blood 
changes induced by hyperventilation cannot affect the nerve- 
endings nor the distal part of the nerve. As shown by the above 
Figure, the rheobase rises, and the accommodation increases, at 
the wrist, in spite of the ischemia. Proximally to the cuff, on the 
other hand, the rheobase and accommodation values fall, just as 
in the hyperventilation tests without a pneumatic cuff. From this 
we seem to be warranted in inferring tbat the excitability of the 
nerve is not determined, by the nerve-endings. The excitability can 
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evidently be modified in different parts of the nerve independently 
of one another. 

In regard to other questions bearing on the excitability, the 
leader is referred to the preceding chapters. 

1). The typical form of tingling in tetany. 

As was shown in chapter 1 and 2, the typical form of ting- 
ling in tetany is a tactile paresthesia. In order to ascertain where 
the impulses which give rise to this paresthesia actually originate, 
the follo'sving experiment was made by the author on himself. It 
is clearly described in the following protocol. 

Experiment A. 

Subject: Author, 10th February 1944. 

0' A pneumatic cuff is distended to 260 mm somewliat froximally 
to the elbow of the right arm. After 2 minutes a tactile paresthesia 
commences in the thumb and forefinger of the right hand. The 
])aresthcsia has cleared away after 6 minutes. 

6' Forced respiration begins. 

8' Tactile ‘paresthesia begins simultaneously in the fingers of both 
hands, and spreads up over the hand. The intensity is almost the 
same in both hands, though possibly somewhat greater in the 
right hand. 

10' The forced respiration is discontinued. The paresthesia immediately 
begins to subside and ceases simultaneously on both sides at 15'. 

9th Feb. 1944. The same e.xperiment is repented with the cuff placed 
on the left arm. Results as above. 

Experiment R. 

On the author himself, 8th February 1944. 

0' The pneumatic cuff is distended to 200 — 250 mm as high up as 
possible round the right upper arm. After 7 minutes the tactile 
paresthesia which had set in has cleared away. 

7' Forced respiration begins. 

9' Marked tactile paresthesia in the fingers of the left hand, spreading 
over the hand. 

11' Paresthesia begins in the right hand, but is much less ‘marked 
than in the left hand. 

i3' Forced respiration is discontinued. The paresthesia first clears 
away in the right hand. 

7th Feb. 1944. The same experiment was made with the cuff on 
the left arm. The paresthesia begins later and is less marked in 
the left arm. 
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Experiments A. and B. were repeated on two other persons, 
with the same resxilts. 

Experiment A. shows that the most distal portion of the nerves 
in the region where the paresthesia is perceived plays scarcely 
any part in the production of the paresthesia, seeing that no 
difference is observed if they are secluded from the effect of the 
blood changes due to the forced respiration. 

Experiment B. shows that the impulses which give rise to the 
paresthesia proceed most readily and in the main from the stretch 
of nerve peripheral to the axilla, but may also originate proximally 
to it. Thus the tactile paresthesia felt in the arm is caused by im- 
pulses proceeding primarily from the longest tactile fibres (seeing 
that the paresthesia is located in the hand) between the elbow and 
the axilla. It is evidently first and foremost a peripheral phenom- 
enon. ZoTTERiiiAN (1933) also states that, on liyperventilation, 
the neurons udth long axons are first affected. 

c. The spasms and the sensation of spasm. 

The typical tetany spasm in the small muscles of the hand was 
studied with the same techniq^ue as that adopted for the analysis 
of the paresthesia. The experiment is described in the fol!o\ving 
protocol. 

Experiment A. 

N-m, aged 21, lOtli February 1944. 

0' A pneumatic cuff is distended immediately ahotc the right elbow. 
Forced respiration begins. 

2' Slight feeling of tension in the right hand, immediately followed 
by a similar feeling in the left. 

3' The tension passes into a typical spastic attitude of both hands. 
Forced respiration is continued for 10 minutes. Spasms in both 
hands, but somewhat more marked in the right. 

Experiment B. 

N-m, aged 21, 9th February 1944. 

O' A pneumatic cuff as high up as possible round the left upper arm. 
Another cuff round the right arm somewhat proximally to the elbow. 
Distended to about 250 mm. Forced respiration begins. 

2' Feeling of tension in the right hand. 

3' Spasm in the right hand. 

10 Contractions in the right hand and wrist, which cannot be volunt- 
arily mastered. In the left hand neither tension nor contraction. 
Forced respiration ceases. 
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8tli Feb. 1944. The same experiment, bnt -with the position of the 
pneumatic cuffs reversed. Spasms in the left hand, but none in 
the right. 

These experiments show, as in the case of tactile paresthesia, 
that the peripheral stretch of nerve, the nerve-endings and the 
muscle do not play any noteworthy part in the production of the 
spasms, it being possible to provoke them even if the periphery is 
secluded from the effect of the blood changes. They also indicate 
that the impulses which produce the spasms proceed primarily 
from the stretch of nerve between the elbow and the axilla. 

Experiment C. 

Subject: Author, 11th February 1944. 

0' A pneumatic cuff round the left arm somewhat proximally to the 
elbow is distended to 200 — ^250 mm. 

9' Forced respiration begins. 

10' Tactile paresthesia begins in the fingers of the left hand, imme- 
diately followed by those of the right. 

15' Feeling of tension in both hands, with the impression that they 
are striving to assume the typical spastic attitude. 

17' In both hands contractions which can scarcely be voluntarily 
mastered. Intense feeling of tension. 

20' The spasms begin to subside in the left hand, whilst capacity for 
voluntary contraction diminishes. 

25' The spasms have ceased in the left hand, concurrently with com- 
plete paralysis of the voluntary movements of the fingers. Intense 
feeling of tension in both hands. Spasms as before in the right hand. 
36' Paralysis of the movtmsnts of fingers and wrist. Anesthesia up 
to the middle of the back of the hand, suspended feeling of move- 
ments of the xcrist and fingers of the left hand. But intense feeling 
of tension, plus tingling, in the hand. In the right hand spasms as 
before. The forced respiration is discontinued. 

This experiment invites to the following conclusions: 

1. That spasms and voluntary movements are produced by 
impulses transmitted through the same fibres, as both are simul- 
taneously paralyzed by ischemia. This argues against the theory of 
Freudenberg and associates, which, from many points of viewj 
seems untenable, that the spasm is maintained by special "tonus” 
fibres. 

2. The sensation that the hand muscles are strongly contracted 
is not induced by the muscle spasm, seeing that it is felt as intense- 
ly despite the fact that the muscle has been paralyzed and is 
q^uite limp. The feeling of tension is thus induced by an inadequate 
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stimulus, and is consequently a parestliesia. As indicated by tbc 
results of experiments A. and B., tbe impulses -wbicb give rise to 
the feeling of tension proceed mainly from the stretch of nerve 
between the elbow and the axilla. This sensation v as felt as intense- 
ly as before if the peripheral part of the nerve was secluded 
from the blood changes, but was at first suspended if the stretch 
of nerve between the elbow and the axilla was withdrawn from 
the circulation. The fibres which induce the feeling of tension 
are presumably muscle afferents belonging to the muscle spindle 
apparatus. 

d. The Trotissean sign. 

This phenomenon has been studied in the same vray as the 
tactile paresthesia induced by ischemia (see p. 70). A pneumatic 
cuff is placed and distended on the forearm. After the lapse 
of a few minutes, spasms and a feeling of tension ensue, but, 
when the excitability due to the continued ischemia has dimin- 
ished, these symptoms pass away. A second cuff is then distended 
proximally to the first one. The same phenomena thereupon 
recur, though the spasms become much more intense. Finally, 
a third cuff is distended as far proximally as possible (with- 
out removing the first and second). It is then found that the 
Trousseau sign appears soonest at that point and has the greatest 
intensity there, iust as was the case in tactile paresthesia. This 
indicates that the phenomenon is not produced at the periphery, 
but by ischemia acting on the nerve trunk itself, and the more readily 
the further ‘proximally the compression is made on the arm. This 
is evidently due to the fact that (as shown by Lewis and associ- 
ates) the ischemia affects the nerve mainly in its proximal part, 
where the excitability is also most increased by the deficiency of 
ionized calcium. 

Evidently the stimuli which give rise to the Trousseau sign 
are most readily produced from those parts of the nerve where the 
impulses which cause the spontaneous "calcium-deficiency spasm” 
and the feeling of tension derive their origin. Here the ischemia 
thus provokes a spontaneous activity in the fibres of the muscle pro- 
prioceptors, which produces that feeling of tension and probably 
also the spasm (see the next chapter). This, however, is not at all 
surprising. As previously indicated, a spontaneous activity in the 
longest tactile fibres which results in the tactile paresthesia is 
‘normally observed during ischemia. It is identical with the "cal- 
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cium-deficiency” paresthesia. It might be termed a sensory 
Trousseau sign — as far its mechanism of origin is concerned — , 
but, as just indicated, it is quite a normal phenomenon. When the 
ionized calcium is reduced, the tactile paresthesia increases in 
range and intensity. Not only the longest tactile fibres, but also 
the shorter ones begin to discharge spontaneously. The ischemia 
and the deficiency of ionized calcium thus mutually reinforce one 
another and unite in producing the same effect. This gives rise to 
a spontaneous activity also in other fibres (such as the short tac- 
tile fibres and those of the muscle proprioceptors), which normally 
do not discharge spontaneously, under the influence of ischemia. 


5. Summary and Conclusions, Section V. 

In tetany, the rheobase is lowered and the capacity of the motor 
nerve for accommodation is reduced. It has been shown in regard 
to the ulnar nerve that these changes in the electrical excitability 
are more pronounced in the -proximal part of the nerve at the axilla 
than distally at the wrist.’- 

It has further been shoivn that the changes in the electrieal 
excitability of the nerve occur independently of any such changes 
at the periphery of the nerve and in the nerve- endings. In fact, 
during forced respiration, quite as marked lowering of the rheo- 
base and slowing-down of the accommodation ensue in the proxi- 
mal part of the nerve despite the arrest of the blood-flow to the 
periphery of the limb, whereas the excitability of the nerve in- 
duced by ischemia moves in the opposite direction. We have thus 
found that the excitability can be changed in the different 
parts of the nerves independently of one another and of the 
nerve-endings. 

It has also been noted (see the historical section) that the frog 
nerve, on reduction of the ionized calcium, begins to discharge 
spontaneously, a phenomenon which is closely connected with a 
lowering of the rheobase and with poor or non-existing capacity 
for accommodation. Attention has been drawn to similar observa- 
tions made by Lehmann (1937 b) in regard to the mammalian 
A nerve fibres in vitro. 

In the author's experiments with hyperventilation tetany, 

’ In the section on tetany caused by forced respiration and in the report on 
clinical case No. i with hypoparathyreoidism. 

7 — 441312 
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and, as shown, in. Ms clinical case No. 1, there is a close connec- 
tion between the diminishing capacity for accommodation and the 
occurrence of symptoms of irritability. In the proximal part of the 
nerve, though not in the distal, the accommodation was 
almost non-existent and the rheobase, as measured in the fibres 
of the hand muscles while fasciculations were proceeding there, was 
remarkably low. It is therefore very probable that in these cases 
the fasciculations were caused by a spontaneous activity in the 
proximal parts of the longest motor fibres in the arm, as was 
shown to be the case in regard to the type of fasciculations oc- 
curring after a sufficiently lengthy ischemia in the same parts of 
the nerve (p. 67). Both types of fasciculations Iiave also in other 
respects essentially the same character. 

The faresthesias. The typical “calcium deficiency” paresthesia 
(in clinical cases 2, i and 6 and in all the hyperventilation tests) 
has been shown to be identical with that produced by ischemia 
(p. 69). It is thus a tactile paresthesia. As the paresthesia dimin- 
ishes the appreciation of light touch, it is naturally regarded as 
a feeling of numbness. Some of the persons who took part in the 
experiments with forced respiration in fact volunteered the remark 
that they felt a sensation of numbness, and they did not notice 
the tingling itself until questioned on the subject. TMs form of 
tingling is therefore doubtless largely responsible for the numbness, 
wMch is a common symptom in tetany. Another reason for the 
frequent occurrence of the feeling of numbness ns a symptom is 
that the nerve is paralyzed by ischemia much more rapidly than 
normally. The woman in clinical case No. 5 spontaneously remarked 
that, when she sat with her legs crossed or lay in such a position 
that pressure was exerted on the nerves of her arm (flexing of the 
elbows etc.), her legs and arms got numb more rapidly after her 
illness than before it. 

It has further been demonstrated that the impulses wMch cause 
the tactile paresthesia originate in the peripheral nerves; in the 
arm primarily in those parts of the nerves wMch lie between the 
elbow and the axilla; but that the focus seems gradually to spread 
proximally thereto. Nevertheless, if the effect of the blood changes 
was sufficiently marked, the entire peripheral nerve would doubt- 
less give rise to spontaneous activity. There is no reason to 
suppose that such impulses could not be set up also along the 
central tactile paths. The paresthesia, however, began in the 
stretch of nerve between the elbow and the axilla. Since the feel- 
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ing of tiaglmg ‘began, at tlie periphery and spread centripetally, 
the touch fibres from which that sensation ultimately proceeded 
must be the longest ones. 

The feeling of tension ani the sfasm itself. It has been shown 
that the sensation of temion is not caused by the actual muscle 
spasm, but is produced by impulses which come from the nerve 
itself, and primarily from the stretch of nerve between the 
elbow and the axilla. We are thus concerned with a paresthesia 
presumably proceeding from the fibres of the muscle propriocep- 
tors. The impulses which cause the spasms do not come from the 
muscle itself, nor from the nerve-endings, but from that very part 
of the nerve where the impulses which produce the tactile paresthe- 
sia and the feeling of tension derive their origin. The motor im- 
pulses probably pass along the fibres concerned in voluntary 
movements, seeing that these movements are paralyzed by ische- 
mia concurrently with the production of spasms. 

If these findings are correlated with the pertinent observation 
made by West (1935), in experiments on parathyroidectomized 
dogs, that the spasms cease on severance of the posterior roots, 
it seems plausible to suppose that the spasms are caused by the 
spontaneous activity in the fibres of the muscle proprioceptors, 
which reflexively maintain the spasms. Whether this reflex action 
also involves a pathological increase of irritability in the medulla- 
spinalis, or not, could not be determined with the technique adopt- 
ed here. 

Assuming that the changes in electric excitability are of the 
same character in the sensory nerve fibres as in the motor fibres 
— as shown by Hoffman as far back as 1888 in regard to the 
rheobase — the mechanism of the phenomena here referred to 
may be briefly described as follows; 

The deficiency of ionized calcium tends to lower the rheobase and 
to slow down the accommodation in the nerve. In the arm these changes 
lead to spontaneous discharges primarily in the proximal part of 
the longest nerve fibres, from which the focus spreads centripetally 
and centrifugally. The spontaneous activity starts in the tactile 
fibres from which the typical sensation of tingling originates, and 
sotnewhat later is set up in the fibres of the muscle proprio- 
ceptors, xohich produce the feeling of tension and, reflexively, the 
spasm itself; finally it reaches also the motor fibres, giving rise 
to fasciculations. 

It has further been pointed out how the localization of the 



100 


Krac KUGKblJKlW. 


spontaneous actmty in cases of calcium deficiency corresponds 
with the region showing tlic greatest scnsilivencss to isclieinia. 
As demonstrated by Lew'is and co-workers (1931) and Zo-nr.n- 
MAN (1933), the ischemic paralysis is most liable to affect the fibres 
in the proximal part of the arm. Here too the longest tactile fibres 
are first involved and afterwards the longest motor fibres and the 
sense of muscular tension. 

It might be asked, as in the case of ischemic paraly.sis, wiiether 
the localization of the calcium deficiency symptoms and the or<lcr 
in which the different fibres set up spontaneous activity is not 
directly dependent on their calibre. However, in regard to the 
calibre of different parts of the nerve as well as of the different 
long and short fibres, and probably also as regnrd.s the order of 
sequence betw'cen the coarsest tactile fibre.s, the muscle afferents 
and the motor fibres, our knowledge is too imperfect to permit 
any definite statement to be made on the subject. Tiic calcium 
deficiency symptoms, however, evidently proceed from the 
coarse fibres. 

The close connection between ischemia and chanties in the 
amount of ionized calcium is indicated by the ]>reviouslv noted 
fact that calcium deficiency accelerates ischemic paralysis, besides 
which the ischemia aggravates the symptoms of" irritability 
entailed by a deficiency of ionized calcium, thus giving rise not 
only to the Trousseau sign, but also to the increased intensitv 
and spread of the tactile paresthesia. 



General Summary. 

The results set forth in this ■work have been. separately summar- 
ized at the end of each section. This general re-vde-w is intended 
merely to serve as a broad survey, the reader being referred to 
the separate summaries for a more detailed recapitulation. 

The neglected subject of nerve accommodation in'man, in rela- 
tion to the general problem of nerve excitability, has been studied 
with a method for quantitative analysis by means of an appa- 
ratus for producing exponentially rising, stimulating currents. 
With this method, accommodation curves can be measured •with 
a standard error of i 5 %. 

Section III gives an analysis of the normal variations of accom- 
modation in man. These are relatively small: in a single indi- 
vidual, repeated determinations over long periods range between 
6 and 8 per cent, of the average value. Comparisons have been 
made between motor nerve, motor point, different motor and 
sensory nerves, etc. A detailed summary will be found on page 
50. 

The effect of ischemia upon rheobase and accomodation has 
been studied with the aid of pneumatic cuffs. Considerable changes 
in accommodation could be shown by this method. They were 
found to be most marked in the proximal portion of the longest 
nerve fibres of the arm. It was found possible to correlate changes 
in excitability, as measured by our method, with symptoms of 
irritability, such as fasciculations and paresthesias, and to show 
that they were due to spontaneous activity in nerves, charac- 
terized by a low rheobase and poor or absent accommodation. 

Section IV is devoted to a description of the effects of such 
artificially induced circulatory disturbances upon the accommoda- 
tion. The results are summarized on page 75. 

The capacity for accommodation was found to be reduced in 
i out of 5 clinical cases suffering from tetany. 

Artificially induced tetany was studied 'with the aid of hyper- 
ventilation. Here too a reduced capacity for accommodation was 
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regularly observed, especially in the proximal portion of the arm 
nerves. Spontaneous activity, starting in the longest motor fibres 
of this region, gave rise to fasciculations in the muscle. 

By combining artificially induced tetany with ischemia, it was 
found possible to analyze the typical symptoms of tetany, such 
as various paresthesias, tetanic contractions and the Trousseau 
sign, all of which manifestations were found to be connected 
with spontaneous activity in the proximal region of the longest 
fibres of the arm. One type of paresthesia was found to be 
localized in the fibres transmitting light touch, whilst another 
type of paresthesia, namely the sensation of tension in the 
muscles, as well as the actual spasms and the Trousseau sign, 
was caused by spontaneous activity originating in the muscular 
afferents; the fasciculations in the muscles could be ascribed to 
similar activity in the motor fibres. 

Ischemia and calcium deficiency were found to have similar 
effects, either of them tending to aggravate the symptoms caused 
by the other. Moreover, in both cases, the proximal portion of 
the longest nerve fibres of the arm is the most sensitive, and 
the different nerve fibres are involved in the same order. The 
symptoms of calcium deficiency primarily originate ir the coarse 
nerve fibres. A detailed summary of these results, described in 
Section V, will be found on page 97. 
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Introduction. 


Motion has always been looked upon as the index of life. The 
organ of motion is muscle. If the muscle fibre is treated with an 
alkaline salt-solution, water insoluble proteins are extracted which 
can be brought into the form of a fibre again (Fig. l a). If such 



lL%' 

a. b. 


Pig. 1. a. Aotomyosin thread (myosin B). b. The same thread 
contraeted. Magn. 1: 30. 

a fibre is suspended in a fresh watery muscle-extract, it contracts 
energetically (Fig. 1 b). The vital function of muscle is thus re- 
produced in vitro in a system, built of constituents of muscle. 
The present book is devoted to the analysis of this phenomenon. 

Circumstances did not permit w'orking out all points as was 
desired. That my literature of the last years is incomplete, is no 
more than natural. 
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A. SZENT-GYORGYI. 


Most of tfie Tvork to be reported here is laid down in the four 
consecutive volumes of the Studies from the Institute of Medical 
Chemistry, University Szeged, S. Karger, Basel, Mew York, the 
fourth volume of wliich remained, owing to circumstances, un- 
published. It is mostly the work of my pupils and collaborators. 
So if I ornate myself with feathers that arc not mine, I may be 
excused by the fact that the birds all belong to my own poultry- 
farm. 



PART I. 

Myosin. 

History. 

Striated muscle contains about 20 % of protein. If tbe muscle 
is minced and extracted with water, half of this protein goes into 
solution. This soluble muscle-protein has been called by V. FtjBTH 
"moygen*'. 

The insoluble fraction contains several enzymes; involved in 
oxidation, like succinodehydrogenase, citricodehydrogenase, cyto- 
chiomoxidase, diaphorase and the cytochromes. In this insoluble 
fraction we also find the contractile substance of the fibril. This 
insoluble protein-fraction attracted the attention of early bio- 
chemists like Danilewsky, ELsjllibueton, and v. Furth, but it 
was not imtil thirty years later that its study was taken up more 
in detail. 

H. H. Weber extracted from this water-insoluble fraction of 
muscle a globulin-like protein which could be precipitated by 
diluting the salt-solution, used as a solvent. This protein made 
up 40 % of the total amount of protein, it seemed to be the main 
constituent of the fibril and to be identical with v. Fdrth’s 
“myosin”. Weber, in collaboration with G. Boehm, K. Meyer, 
R. Stover, F. Kamp and W. Hollwede, made myosin the object 
of his very careful and extensive investigations. 

The next researcher to give his full attention to myosin was J. 
T. Edsall who studied the general properties of this protein very 
thoroughly, while A. v. Muralt and J. T. Edsall studied the 
DBF of myosin and made observations on its viscosity. 

Myosin, having thus been recognised as an individual protein, 
occupied a great number of research workers. The isoelectric point 
of myosin was the object of much discussion. H. H. Weber (70), 
following the migration of myosin particles in the electric field. 



6 A, SZENT-GYORGYI. 

found the I. P. at pH 5.1. At this pH lay also the minimum of 
swelling of the insoluble muscle residue. J. B. Gollip and W. T. 
Salter, however, found the flocculation-optimum between pH 

Q 2 6.6. Salter found the pH of well washed myosin in the same 

region. According to Edsall the minimum of acid-base-binding 
capacity also lies at this pH. Weber corroborated these observa- 
tions but, in collaboration with Hollwede, expre.ssed the opinion 
that Edsall worked with alkali-myosinatc, and not wdth free 
myosin; the I. P. of free myosin is at pH 5.3. 

E. C. Bate-Smith (5) reinvestigated the question and Dunuis- 
soN (16, 17) made careful measurements on the acid-base-binding 
power of myosin. 

The solubility and extraction of myosin were studied by Howe, 
Salter, Weber, Edsall, Weber and Heyer, Smith, Heksay, 
and Greenstein and Edsall. 

The amino-acids of myosin were studied by Sharp, Todrik and 
Walker, and Bailey. Comparative, chemical studies were made 
by Bailey and Mehl. 

The SH of myosin was the object of the studies of Mirsky", 
Greenstein and Edsall, Greenstein and JIehl, chiefly in re- 
lation to the denaturation of myosin. D. H. Needham studied SH 
in relation to enzymic activity. 

Deuticke observed the rapid decrease of solubility of myosin 
after muscular actiidty and 'post vwrtcin. These changes were the 
object of the studies of Hensay", Mirsky (45) Kamp, Smorodint- 
SEV and Bystrov. E. C. Smith (65) made the disappearance of a 
labile substance responsible for the rapid post mortal changes. 
D. Gebers found that ATP increased the solubility of muscle- 
proteins, as well in fresh resting muscle as well ns in muscle after 
work or storage. Mirsky (44) showed that myosin becomes in- 
soluble in monojodoacetate poisomng. 

Mirsky (43, 44, 45), Saxl, Dcbuisson (15), Dgruisson, Le- 
coMTE and Monnier, Westerbrink and KRABBfi tried to cor- 
relate the physicochemical properties of myosin with the different 
physiological conditions and the function of muscle. 

Myosin threads were studied, following the method of W*eber 
(74), by Dubuisson (18), Dubuisson and Monnier. 

The binding of- H by myosin was studied by G. Montigel, 
who found that the myosin could bind 0.62 % H very firmly. 
The K-binding capacity was diminished by choline and acetvl- 
choline, ATP and ADP. 
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Among different physical properties the UV spectrum was 
studied by M. N. Ljubimowa and M. S. Schipalow, J. W. Mehl 
tried to determine the dimension of the myosin particle; Boehm 
and Signer gave evidence about its long, threadlike shape. The 
MW was measured by Weber and Stover, who found it about 
10°. Urea disintegrated myosin into particles of about 10°. E. 
Gorier and H. v. Ormond studied the spreading of myosin on 
water-surfaces. JBate-Smith (5) presented a more general study 
of the physical properties of myosins. The Svedberg, using the 
ultracentrifuge, found myosin unstable and heterodisperse. 

The polysaccharide compounds of myosin were studied by St. J. 
Pezylecky and his collaborators E. Majihn and P. Eilipowicz. 

General attention turned towards myosin when Engelhard! 
and his collaborators Meitiana and Ljubimowa found a direct 
relation between myosin and ATP. The splitting of ATP is, ac- 
cording to our present knowledge, the source of the energy of 
muscular contraction. Engelhard! and Meitiana found that 
among the number of substances studied, ATP only had a de- 
finite influence on the physical properties of myosin, if it was 
applied in small concentration: it increased the extensibility of 
myosin threads. 

It has been known for some time that muscle is capable of 
splitting off two phosphate groups from ATP. K. Lohmann found 
that the water-insoluble fraction of muscle was capable of splitting 
off one phosphate, while the splitting off of the second phosphate 
could be activated by Mg. Engelhard! and Ljubimowa stated 
that the splitting off of the first phosphate could not be separated 
from myosin and that this activity, in different preparations, went 
parallel to their myosin-content. They concluded that it was myo- 
sin itself which was responsible for this splitting. The splitting off 
of the second phosphate was due to a water-soluble substance 
since, by repeated washing, myosin lost the power of attacking 
the second phosphate. 

J. Needham, Shih-Chang Shen, D. M. Needham and A. S. G. 
Lawrence found that the viscosity and DEE of myosin was, 
under certain conditions, decreased by small amounts of ATP 
in a reversible way. In a later paper by J. Needham, A. Klein- 
ZELLER, M. Miall, M. Dainty, D. M. Needham and A. S. C. 
Lawrence these observations were extended: the same effects 
were produced by inosinic triphosphate and ADP. Inorganic 
triphosphate was inactive but completed with ATP. 
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Banga and myself (108) found that, according to the duration 
of extraction, myosin could be prepared in two different forms: 
short extraction yielded the liquid "myosin A”, prolonged ex- 
traction the very viscous “myosin B”. Threads, jmepared from 
myosin B, if suspended in a freshly prepared watery extract of 
muscle, or a solution containing K, Mg and ATP in the same 
concentration, gave a violent contraction (Fig. 1), while threads 
of myosin A were relatively inactive. The low' viscosity of myosin 
A solutions changed only slightly on addition of ATP while myo- 
sin B, if dissolved in 0.6 M KCl, responded to the addition of 
ATP by a great fall of its viscosity. This fall of viscosity w’as termed 
“activity" and “100 % activity” was called the maximum activity 
of myosin B. Thus, by comparing it with myosin B, the activity 
of any preparation could be expressed numerically. 

This opened the way to the quantitative study of the myosin 
A-B transformation. This work was undertaken by F. B. Straub 
who made the discovery that the transformation of myosin A 
into myosin B w’as due to a second protein which is brought into 
solution on prolonged extraction. He called the new protein 
“aclm’\ Actin and myosin unite to form the highly viscous “acto- 
myosin”. In presence of high salt-concentrations this actomyosin 
is dissociated by ATP into its components again, hence the fall 
of viscosity (activity). 

Conclusions could be drawn from the “activity” on the actin- 
content of actomyosin. Another quantitative expression was thus 
introduced: "% actomyosin” by which the quantity of actin, 
present in 100 parts of actomyosin, was meant. The “100 % 
active” myosin B was found to be a 16. 7 % actomyosin, a myosin, 
100 parts of which contained 16.7 % of actin. "Myosin A” is an 
actomyosin of imdefined, but low actm content. 

These quantitative methods opened the way to the purification 
of myosin and actin and lead eventually to the crystallisation of 
myosin and the preparation of pure actin. 

The properties of actin-free myosin widely differ from those 
of actomyosin. Even such small admixtures as 1 — 2 % of actin 
greatly modify the physical and chemical properties of myosin. 
Earlier authors Avorked invariably Avith myosin, more or less 
heaAdly contaminated Avith actin. What is described as “mA'Usin^’, 
is but an impure actomyosin of unknoAvn composition. In some 
instances the properties, described as tyqiical properties of “myo- 
sin were rather the properties of the actin than those of myosin . 
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So, for instance, v. Muralt and Edsall wanted to reserve the 
name "myosin” for the substances showing DRJF in presence of 
higher salt-concentrations. Myosin, under these conditions, has 
no DEF at all, contrary to the actin which shows a brillant DRF. 
It is thus evident that most of the data of the literature, relating 
to myosin, will need revision. For this reason I have refrained 
from their detailed discussion. 

Lately Schramm and AVeber have found by ultracentrifugation 
that “myosin” is composed of two different, but in themselves 
homogeneous fractions, one of w'hich has a liigh and the other a 
low speed of sedimentation. It seems not unlikely that their “light 
myosin” is myosin, and that their “heavy myosin” is acto- 
myosin. 

Using the electron-microscopic method Adrenne and AA'eber 
found several thousand A long and 5 — 10 A wide threads in 
“myosin”. It seems possible that they were actomyosin micels, 
while the breaks in these threads corresponded to parts of the 
actin thread uncoated by myosin. 


Some properties and reactions of myosin. 

Myosin crystallises in the form of very fine needles (Fig. 2) 
uuth a strong tendency of lateral association. Needles, observed 
with high power, will often be found to be bundles of finer needles. 
(Fig. 3.) Sometimes the needles associate to fine, long threads, 
fibrils. (Fig. 4.) 

Analysis. Recrystallised myosin Avas precipitated with alcohol 
and extracted with boiling abs. alcohol for two hours. The dried 
material was analysed and shoAved the following composition: 

C 50.04 % 

H 7.70 % 

N 16.15 % 

S 1.14 % 

Ash 1.23 % 

These data agree Avith the composition of a protein. According 
to the analysis myosin contains 6 S for 17,000 g. Since the analysis 
of S involves some loss, this indicates that 17,600 g. contain 6 S 
atoms, and. myosin, similarly to other proteins, is built of such 
units. 
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The analysis of the alcoholic extract showed that recrystallised 
myosin contains 3 % lipoid matter, calculated for dry weight. 
This lipoid is partly insoluble in acetone. 

Free myosin, being soluble in water, cannot be classed among 
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globulins. On the other hand, on adding ammonium sulphate, 
myosin precipitates as we pass half saturation. 

Stability. Myosin, if dissolved in 0.5 M KOI and neutralised, 
can be kept at 0° G without loss of enzymic actmty for a fort- 



Fig. 3. 



Fig. 4. 


Myosin threads. Mngn. 1: 40. 
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night. Its fmer colloidal properties, however, change after a few 
days storage: its reactions become sluggish, its viscosity and. vis- 
cosity-anomaly rises. As will be shown later, the metal-binding 
capacity, which governs all these reactions, is appreciably de- 
creased even after 24-houxs storage at 0°. 

Incubation of myosin (dissolved in neutral 0.5 M KOI) for ten 
minutes at -37° causes not only rise of viscosity but even drop of 
enzymic activity. 



Fig. 6. Viflcosity of recryetallised myosin in O.C KCl at 0°. 


DRF. Myosin, dissolved in water, has a strong DBF. This 
DBF is not due to the fibrous nature of the single myosin par- 
ticles but to their association, for it is readily aboUshed by the 
addition of small amotmts of salts (0.5 M KGl) or alkali (pH 8.3). 

Viscosity. The viscosity of myosin has been studied by Guba 
and Steaub, whose results are summed up in Fig. 5. The. depend- 
ence of viscosity on pressure was studied by the same authors. 
They found the viscosity of myosin, dissolved in 0.6 Af KCl, 
normal, i. e. independent of pressure between 5 — 100 cm (water- 
pressure). This is in agreement with the straight natiure of the 
curve (Fig. 5), which also indicates normal; viscosity. 

Later A. Pittoni extended these experiments down to 1 cm 
water-pressure. He found that freshly prepared myosin, dissolyed 
in water, showed no viscosity-anomaly at all. On storage the vis- 
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cosity became anomalous. Addition of salt (0.5 il/ KGl) also made 
the viscosity, below 3 cm pressure, slightly anomalous. 

The relatively high viscosity of myosin indicates that the myo- 
sin particle is not round but elongated. The low or lacldng vis- 
cosity, anomaly, and the lack of DRF at alkaline reaction indicate, 
that this' dimensional asymmetry can be but of a low degree. All 
the observations are in agreement with the assumption that 
myosin consists of moderately elongated particles which have a 
strong tendency of lateral association to rather long particles or 
swarms, the forces, holding these swarms together, being ratuer 
weak. This is in agreement also with the soft, unelastic nature of 
the myosin-gel. Myosin, in many respects, resembles soap, which 
consists of moderately elongated particles -with a strong tendency 
of coaxial swarm formation and strong DEF. The dimensional 
asymmetry of soap is of the range 1 : 10. According to "Weekr (75) 
the myosin micel has about the same degree of dimensional asym- 
metry, its length being at least 500 and its width no more than 
46 A. 

If treated with strong urea the myosin micel of M\V 10* g decomposes, 
according to "Weber and Stover, into particles of MW of about 10* g. 
On treatment with urea the viscosity of myosin drops to the level of 
the viscosity of globular proteins (F. Cuba, oral comm.). This suggests 
that the elongated myosin micel is built up of about 15 globular par- 
ticles of MW 70,000, standing in a row. 

Spreading. Actin-free myosin readily spreads on the surface 
of water. 

Soluhility. If the crystalline myosin precipitate is dialysed, it 
swells up to a glassy, soft, unelastic gel. If water is added gradually 
and the mass homogenised by means of strong stirring, a viscous 
solution is obtained which shows a slight opalescence and a strong 
DRF, both of which disappear readily on addition of alkali 
(pH 8.3). Myosin is thus soluble in water. It is insoluble in alcohol 
or acetone and is readily denatured by their action. 

Reaction with sails. The most striking and unique property of 
myosin is that it is precipitated by small amounts of alkahsalts. 
If to the watery solution of myosin 0.006—0.04 M KCl is added, 
the protein is precipitated almost quantitatively. The maximum 
of precipitation lies about 0.02 — 0.025 ilf KCl, at which concentra- 
tions the precipitate has the smallest volume, but even as small 
concentrations as 0.001 M cause precipitation. 
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Higher salt-concentrations dissolve myosin. On addition of 
0.1 M KOI to a watery myosin-solution, no more precipitate is 
obtained; at this KCl-concentration the myosin is still strongly 
associated, as indicated by the DRF, which begins to fade at 
0.3 M and disappears at 0.4 KOI, Dissolution is thus complete 
at 0.4 ilf KOI. Accordingly, a salt-free myosin-gel is readily dis- 
solved by 0.4 M KOI, is poorly dissolved by 0.2 — 0.3 M HGl and 
remains undissolved below this concentration. Below 0.4 M KOI 
the myosin associates more and more as the salt-concentration is 
decreased. If a 3 % myosin-solution in KOI is gradually diluted, 
a strong turbidity appears as the salt-concentration drops below 
0.4 M. On stirring, the fluid assumes a siUcy appearance. Between 
crossed Nicok a strong DRF appears. The turbidity, silky appear- 
ance and DRF increase on further dilution. At 0.05 iif KOI the 
myosin becomes insoluble and the particles visible in the form of 
crystals. The crystalline suspension too has a silky appearance 
and a DRF which persists for a long time after stirring. 

The action of KOI is not specific. Other alkali salts behave in 
a similar way. Their precipitating and dissohdng action is com- 
pared in Tab. 1. OaOU and MgOlg give a rather voluminous. 


Table I. 
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0.5 ml of the salt solatiou -was added to 2 ml of a 0.1 % salt &ee myosin solu-. 
tion. Upper line: the final molar concentration of the salt. 0 means solution -f- 
means turbidity or precipitation. 


amorphous precipitate through the whole range without a well 
defined maximum. This makes it evident that the precipitation 
is rather the action of the cation than that of the anion. The 
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valency of the anion has less influence; KCl has about the same 
action as the equivalent K 2 SO 4 and the precipitating action of 
K-phosphate is only slightly weaker. 

If the action of KCl will be discussed with preference, this is 
not because the action of K is specific, but because K, standing 
in the middle of alkali-metals, is a good example. Its interest is 
increased by the fact that it is the main cation of the muscle fibre 
which contains but little Na and no other alkalimetals. 

Reaction with glycogen. If a watery solution of myosin is mixed 
with a solution of glycogen, a precipitate is formed. If, for in- 
stance, equal parts of a 0. 2 % myosin and 1 % glycogen are mixed, 
the protein is carried down quantitatively. The resulting glycogen- 
myosin complex is not soluble in dilute ( 0. 1 M) KCl. If, however, 
a small amount (0,05 %) of ATP is added, the compound disso- 
ciates and the myosin and glycogen dissolve and the solution 
behaves now as a solution of free myosin. Soluble starch or dextrin 
give no precipitate with myosin under similar conditions. 

Muscle contains a rather high concentration of ATP which 
is, as shown by Erdos (see part IV), in contact with myosin. In 
resting, normal muscle there is thus no myosin-glycogen complex. 
It is not impossible, however, that a decrease of ATP concentra- 
tion will bring about the formation of the myosin-glycogen com- 
plex and starts off herewith the cycle of fermentation which 
restores the ATP concentration. 

Reaction with ATP. ATP increases the dispersity of myosin. 
If added in small concentration (0.05 %) to a watery myosin- 
solution, the viscosity and DRF slightly decrease. In presence of 
ATP the precipitating action of KCl is weaker and potassium- 
phosphate causes no precipitation at all. The precipitated myosin 
may even be dissolved by the addition of ATP whereby the lost 
DEE returns. 

Such a colloidal activity is not surprising in the case of a pentavalent 
anion, like ATP, which needs 4 K for its neutralisation. A slight sol- 
vatising action can already be obser\^ed with phosphate: potassium- 
phosphate precipitates myosin less strongly than the equivalent KCl. 
This solvatising action is still more pronounced with pyrophosphate. 

The action of ATP shows that some sort of a reaction has 
taken place between myosin and ATP, that myosin has bound 
ATP. I. Banga (unpublished) undertook to investigate the quan- 
titative relations of this reaction. She proceeded as follows: 
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The crystalline brei of recrystallised myosin was dialysed over night. 
After having lost its salts it swelled up to a glassy mass. This glassy 
mass was squirted through a thin tube of 1 mm diameter into 
feient ATP-solutions of 0°. The myosin formed a thm thread. The 
thread-suspension was gently stirred a 0“ for 20 minutes, then rapidly 
centrifuged at the same temperature and treated with an excess of 
methylalcohol. The alcohol precipitated the myosin but not the ATP. 
The denatured myosin was strained through a cloth, pressed out, was 
washed on the cloth with more alcohol, then dried, weighed, suspended 
in 5 ml of 0.2 Af acetate-buffer of pH 5.3 and placed into the boiling 
water-bath for ten minutes, and the fluid analysed. The ATP (acid- 
hydrolysable phosphate) was estimated according to Lohmann- 

JeNDKASSIK. • -rr 1 4 . 

The myosin-gel contained about 4 % myosm. For the smgle tests 
about 200 mg of myosin were used which were squirted into 50 ml of 
a 0 . 1 , 0 . 2 , and 0.4 % ATP-solution. The ATP was employed in the 
form of its K salt. 

The results of two such experiments are reproduced in Fig. 6. 
The abscissa shows the quantity of mg ATP per ml. The ordinate 
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Pig, 6. 

shows the number of moles of ATP bound by 70,000 g of myosin 
(or the number of ATP molecules bound by particles of myosin 
of MW 70,000 g). As will be seen, with increasing ATP-concentra- 
tion more and more ATP is bound. The curves are straight and 
reach the abscissa about 0. ATP is thus not bound according to an 
exponential adsorption-isotherm. The curves rather suggest some 
sort of a chemical reaction between ATP and myosin. Muscle 
contains about 0.4 % of ATP, as calculated for 77 % of water. 
This corresponds to the highest value in Fig. 6. At this concentra- 
tion 70,000 g myosin bind 2 — 3 moles of ATP, 
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lEetnl-myosinates. 


As has oeec s]iot,-b, myosm is precipita*<;d by small amounts 
o^Viliali salts. Toe precipitation of a hydrophilic colloid by as 
small concentrations of KCl as 0.02 M, is a striking phenomenon. 
It. is a unique reaction of myosin, the mechanism of vchkh is of 


the greatest interest. 

KLasi has shottn (137, p. S2) that myosin, if precipitated by 
KGl. looses its charge and migrates no longer in the electric 
field or does so only very slotrly. This shotrs that the cation of 
the salt is bonnd ttith preference and neutralises the negative 
charge of the protein, and that the precipitation of the protein 
is due to the loss of its charge. 

If mvosin is cryst alli sed from dilute KCI, the crystals separated 
and treated vrith an. excess of 0' alcohol, a poveder of denatured 
mvosin is obtained, -which contains a corisiderable quantity of K 
but no Gl. Alyosin thus binds the K loa-iung the Cl unbound; the 
precipita-don is thus due to the formation of the electro-neutral 
and -water-insoluble Ei-myosinate. 

Denatured myosin, does not bind K. If KG! is added to myosin, 
K is bound. K alcohol is added, the protein becomes denatured 
and releases the K again; the myosin is precipitated as free myo- 
sin, -while the K enters -with the Ci into equilibrium again. In 
order to precipitate myosin-K, we have to separate the K-pro- 
teinate from the Cl prior to the addition of alcohol. This can be 
done by remo-ving the Gl-containing fluid. If the isolated K- 
myosinate is treated -with alcohol, on densturation it will be 
unable to release the K, no Gi being present to .cerve as its cation 
and no -water being present to allo-w hvdrolytic dissociation. 

1. Bax'ga (unpublished) undertook to study quantitatively the 
formation metai-myosinate. 


She preceded as described for her ATP-experiments. the difference 
being thar instead of an ATP-solution she used different salt-solutions. 
The threads -were allo-wed to remain in the salt-solntion for 40 minutes 
at room-temperarnre and for 20 minutes at O'. For precipitation ethyl- 
alcohol instead or methyl -was -used. The K was estimated according to 
CuAsmB and Usdais., the Ca was precipitated as oxalate and titrated 
with permanganate. The Mg wus precipitated as 3Ig(XHt)POt. the P 
or -whiyh -was estimated according to LoHsntxx-JEXDKASSiK. The K, 
Ca ap.d -ilg "Were employed in the form of their chlorides. The mvosin- 
precipitate contained mostly no chlorine, only in the case of the highest 
saliconcentiatiQn -was sometimes chlorine found in analvsable quan- 
tities- In these cases the Cl -was estimated according to Tolhard and 
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its equivalent subtracted from the metal found in the precipitate. The 
solutions were neutral, myosin being used, crystallised at pH 7. No 
buffers could be employed, buffers being salts. On addition of salt to 
myosin there is a slight decrease of pH owing to the binding of metal. 

K. The metal-adsorption was measured at varied salt-concen- 
tration and the quantity of metal plotted against the salt con- 



centration. The curves, thus obtained, are adsorption-curves of 
myosin and at the same time they are the dissociation-curves of 
the metal-myosinates. On the subsequent figure 7, taken from 
Hangars unpublished paper, the abscissa shows the log. of the 
final M salt-concentration. The numbers of the ordinate denote 
the g-equivalents of metal bound by 17,600 g of myosin. The 
metal-adsorption will always be related to this quantity of myosin 
which will be taken as “the myosin unit”. This will happen for 
the sake of convenience only and does not suggest that myosin 
actually reacts in such units. 

In the Fig. 7 three experiments are reproduced in full line, one 

^450474 
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with K, and one with .Ca and Mg. The curves could not be ex- 
tehded further to either side because at a higher concentration 
the myosin dissolved, at a lower concentration it swelled. 

All the three curves show a break in the middle and are com- 
posed of two straight parts. This shows that in the binding of 
metal by myosin two different adsorption-processes are involved, 
both corresponding to an exponential equation, similar to the 
adsprption-isoterm. 

The meaning of the break is explained by the KCl-curve. 

The KGl concentration (0.025 M), which causes maximum 
precipitation of myosin, is marked with a vertical line and coin- 
cides with the break in the K-curve. Maximum-precipitation 
occurs when the myosin is completely discharged, is iso-electric. 
The right part of the curve corresponds to the K-adsorption of 
the negatively charged myosin; the left part of the curv'e describes 
the further K-adsorption of the electro-neutral £-myosinate, and 
the break occurs where the myosin has just taken up the 5 K. 
ions necessary for its neutraHsation. If less is taken up, myosin 
must have a negative charge; if more is taken up, the charge 
must be positive. 

The physical properties of myosin depend on its charge, viz. 
K-saturation. With 5 adsorbed, myosin is isoelectric, is 
maximally precipitated and dehydrated. With 4.5 bound, 
the charge is negative and myosin begins to swell strongly; with 
two positive charges (7 adsorbed) the myosin begins to dis- 
solve. If the curve is extrapolated it shows that myosin is com- 
pletely disaggregated (0.4 M KOI) with 8—9 K+ bound. 

In the different experiments a variation was found in the 
shape and height of the K-curve. Often the left ^ving was less 
steep and consequently there was no break in the curve. Often 
the curve lay somewhat lower, and was flatter- The explanation 
of these variations was given by the experiments of F. Guba 
(unpublished) which showed that myosin is very sensitive and 
rapidly, loses its K-binding capacity. First the K-binding capacity 
of the isoelectric myosin is damaged, the left wing becomes flat, 
and then the whole K-binding decreases. This is illustrated by 
the experiment reproduced in Fig. 8. In this experiment the 
myosin was crystallised only once, in order to have it possibly 
ficesh. The protein was dialysed over night and tested the next 
morning (upper curve). Then it was stored for two days at 0° 
and tested again (lower curve). It rvill be seen that 48 hours 
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storage at 0° greatly changes the curve. Other. experiments show 
that 24 hours storage already changes the shape of the .curve to 
some extent. 

^^ter this experience was made, the preparation of the myosin 
with one recrystallisation, was always completed in one dayj 
and dialysed over-night. In this way 
the protein was subjected to expe- 
riment 24 hours after killing the 
animal. With such preparations more 
constant results were obtained and 
the curves had regularly the shape 
given in Fig. 7. This curve, taken 
with recrystallised myosin, is some- 
what flatter than the upper curve 
of Fig. 8, which relates to myosin 
crystallised only once. One may ask, 
whether the curve, in mvo, is not 
steeper still, if 24 hours make such 
a difference. 

To these variations of the . K- 
binding curves correspond variations in the colloidal reactions 
of myosin. Preparations with flatter curves react in a more 
sluggish way and need higher saltooncentration for the same 
effect. This explains the variations in the metal-concentrations, 
necessary to produce certain reactions in the author's colloidal 
experiments, which were not made with equally fresb myosin- 
preparations and need thus revision as regards the salt-concentra- 
tions at which certain reactions are produced. 

Mg, Ga. The curves (Fig. 7) are similar to the K-curve with 
the difference that the left wdng is steeper and the break occurs 
at a lower salt-concentration. The latter means that bivalent ions 
have a much greater affinity to myosin than K has and much 
smaller concentrations suffice to have 5 equivalents bound and 
to discharge myosin. This great affinity explains why 0.001 M 
Ca and Mg suffice to cause maximal precipitation. Mg stands 
between Ca and K. Accordingly it was found by Banga that if 
Ca and Mg were present simultaneously, Ca was bound with pref- 
erence and only traces of Mg were adsorbed, while both bivalent 
ions prevailed upon K. 

It is interesting to compare the break of the three curves with 
the physiological concentrations. The Ca- and Mg-concentration 
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of muscle are marked on the curve by two verfical lines, while the 
K-concentration coincides with the ordinate (concentrations are 
calculated for the 77 % of water of muscle, Diniumso.v 17). It 
will be noted that these concenirations coincide, in the care of 
Ca and Mg, with the break of the curves. This means that the 
concentrations of these metals in muscle are such that they are 
unable to charge myosin i)ositivcly. They are .sufficient to pro- 
duce isoelectric myosin, contrary to K, the concentration of 
which is high enough to charge myosin positively. 

The steepness of the left wing of the three curves increases 
in the same order: K, Mg, Oa. It will also be s^>en that a higher 
positive charge is needed to dissolve .Mg or C'a-niyosinaie than 
is needed for the dissolution of K-inyosinate. The C.a-curve cuts 
the ordinate at about 20. More than 20 positive cliarges are needed 
pro unit myosin to bring the Ca-myosinate into .solution. 

All these reactions arc rcvensible, as the curve; also indicate. 
On diluting the salts solution metal is given off, on concentrating 
it, metal is taken up. Accordingh* the metal ran readily be re- 
moved by dialysis, the K the easiest. 

Combined salt-cffccls. \Yc may ask: what condition can we 
expect to find in muscle as judged by these curve.s? The jnu“cie 
contains 0.105 31 K, 0.012 31 Mg and 0.000 M Ga, as caleulatcd 
for 77 % of water (Dunuissos* 17). Provided these ions would 
be all free (which is not the rase) we couM expect Ca to be 
bound on the first place and produce isoelectric Ga-niyo«inate. 
If, however, the quantity of Ca ami myosin arc compared, it 
will be found that the quantity of Ca in m\isch> is insuffi- 
cient to discharge myosin: about half as much Ca is pre.scnt as 
would be needed for this reaction. Ca will thu.s take myosin 
half-way towards its isoelectric metal-.saturation: the rest will 
be done by Jig. 

If a K salt is added to .such an i'^oolectric Ca-l^Ig-myosinatc, 
the result depends on the concentration of the K. If, for instance, 
the K-concentration would only suffice to jiroduce isoelectric 
myosin, no K is bound, for myosin is made i.soelectric by the 
bivalent ions, and K is unable to compete with them. If, how- 
ever, the KGl-concentration is increased to a level, which i.s 
able to charge the myosin positively, then K will bo taken up. 
If 0.1 31 KCl lends 7 charges to myosin, then, at thi.s KCl-con- 
ceiitra,tion 2 K"^ will be taken up, 5 charges having been lent by 
the bivalent ions. The K-adsorption-curve of isoelectric Ca- or 
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Mg-myosinate has been found to .be steeper than the corresponding 
curve of myosin. Such a curve of isoelectric Mg-myosinate is re- 
produced in Fig. 7 with broken Hne. 

If the salt-solution is diluted in such a system, then first the K 
will be given up. The Mg and Ga are held strpngly and their quan- 
tity bound is dependent on the concentration only to a small extent. 

pH. - The H ion has a, very great 
affinity to myosin and is capable 
of competing with the alkali-metals 
and alkali-earths. Accordingly, the 
pH will have a great influence on 
the metal-binding capacity of myosin. 

A K-curve, at varied pH and varied 
KOI concentration, is given in Fig. 9. 

The K-binding was measured at 
varied KGl concentration in a veronal- 
acetate buffer which contained, as 
metal, 0. 01 M K. The K of the buffer 
was subtracted from the KGI; the 
abscissa shows the total K-concentra- 
tion (F. Guba). It will be seen 
that the metal-binding is very sensitive to pH, especially under 
pH 7. Decrease of pH by half a unit greatly decreases the metal- 
binding. According to this curve, the myosin, crystallised at pH 
6.5 from a 0.025 M KGl is a myosin, containing 1 K per unit- 
weight. At pH 5.3 no K is bound at all. 

The effect of pH on the precipitation of myosin is shown in 
Tab. II. Here the buffer acted as the precipitating salt. The aste- 
risks mean crystalline precipitate. 

The table shows that the maximum of precipitation lies at 
pH 5.5 or below, but that the precipitation extends far into the 
alkaline-region. The maximum at low pH corresponds to the 
isoelectric point of free myosin, while at higher pH-s metal- 
myosinates of different composition are precipitated, which 
agrees with the conclusion of Hollwede and Weber. It 
can also be seen that crystallisation is limited to a small 
range. It is thus K-myosinate of a certain composition which 
is capable of crystallisation at its isoelectric point. According 
to the results presented it is the myosin, containing 1 5 K 

per unitweight, which is capable of crystallisation. The preci- 
pitation-maximum, found by different researchers at pH 6.5, 



log M K 

Fig. 9. 
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seems to be the isoelectric reaction of myosin, containing one 
K per unitweight,^ 

Table II. 


Na,HPO. 

KH,P04 

0.1 

0.05 

0.025 

0.O125 

O.OOG 

0.OO3 

O.ooisjo.ooosj pH 

Vo 

a 

0 

0 

0 

4- 

4- 

4- 

0 


— 

0 

0 

0 

+ + 

4-4- 

4 - 

4- 



0 



0 

0 

0 



4- 

4- 

0 

B 

Vi 

0 


-i- 

-h-h 

4 . a. 

-U 

4* 

0 

7.3 

Vi 

0 

0 

+* 

+ + 

4 - 4 - 

4* 

a- 

0 

7 

Vi 


0 


+ + + 

BB 

4 - 

B 

0 

6.7 

Vo 

0 



++* 

4-4- 

a- 



6.1 

Vi 


+ 

-f-f 

4*4*' 

m 

n 



6.1 

V, 

-f- 

4- 

_U 

4- 

4 - 

4- 

0 

0 

5.S 

Vl8 


+ 

+ 


O- 

4. 

4 - 


5.5 

Vi 


-f- 

"f* 

4- 



BB 



Isomolar NajHPOi and KHjPOj Tccro mixed in different proportions (Col. 1). 
The final molar concentration of POj is given in the npper line. 


The metal-myosinate formation extends or sliifts the iso- 
electric zone of myosin towards the alkaline side fas adsorption 
of Cl would probably extend it to the acid side). Other proteins 
show a similar shift or extension of the isoelectric zone in pre- 
sence of salts as described by hliCHAELis and the author^ for the 
case of casein. These effects are thus due to the binding cf ions; 
the binding seems to depend on the affinity of the protein on one 
side, on the electronegativity of the ion (Erdo 120 and Laki 121 ) 
on the other. 

In spite of its striking appearance, the precipitation of myosin 
by alkali salts is not a specific reaction; it is a common reaction 
of proteins. It is in essence but an extension of the isoelectric 
zone, due to the unequal adsorption of ions. Myosin is specific 

^ This may e^lain why crystalline myosia-K is coloured by the basic methylen- 
blue above, but not below pH 0,5 while the reverse is true for acid dves 

* Bioohem. Z. 103, 178, 1920. 
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onlr as far as its affinity to metals is especially high and thus 
the" effect of the salt especially strong. 

ATP. As has been shown, ATP unites wth myosin to form 
a complex ATP-myosin ndth it. Banga has studied the metal- 
binding capacity of this myosin-ATP-complex: she measured the 
metal-binding of myosin in presence of ATP. 

She proceeded as in her previous experiments, using methylalcohol 
for the precipitation. The myosin was allowed to come into equilibrium 
with the salt for forty minutes at room-temperature, then cooled to 0°, 
the ATP introduced and the suspension centrifuged after 20 minutes 
stirring. 

Her experiments showed that in presence of ATP the quantity 
of bound K is greatly increased by ATP, depending on the ATP- 
concentration. The two upper curves (broken line) of Fig. 10 
show the .K-binding in two different experiments in presence of 
4 mg ATP per ml. The lowest curves show the number of ATP 
molecules bound by myosin-unit. ATP, at neutral reaction, needs 
4 K for its neutralisation. So if ATP is bound by the myosin and 
is precipitated ivith it, it can be expected to bind this quantity 
of K. If the curves are corrected by subtracting this quantity 
of K, a normal K-binding curve is obtained (middle-curves). 

The E-adsorption of myosin in any given solution of the K-salt 
of ATP, can be predicted with fair 
accuracy. The quantity of K bound 
will be equal to the sum of two 10 
magnitudes: 1, the K corresponding 
to the K-adsorption at the K-con- 
centration of our solution. 2. the K, 
taken down by the ATP (moLs of 
ATP-bound multiplied by 4). The 
binding of ATP can be read from c 
Fig. 6. ^ 

ATP had less effect on the binding 
of Ca and Mg. If ATP is bound by 
myosin in presence of Ca or Mg and 
K, it takes down K with preference 
on precipitation by alcohol. Experi- 
ments of the ATP binding of Ca- or 
Mg-myosinate are rendered difficult 
by the insolubility of the Ca and Mg 
salts of myosin in alcohol. 



Fig. 10. 
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In several experiments the quantity of ATP, bound by myosin, 
increased with increasing KCl concentration above the isoelectric 
0.025 M KCL So, for instance, in one experiment the quantity of 
ATP bound was doubled by increasing the KOl-concentration 
from 0.025 to 0.1 M. This increased ATP-binding, on its turn, 
made the K-binding-curve very steep, one ATP taking down 4 K. 
It can easily be understood if a positively charged myosin binds 
more 6f the ATP-anion than a negative one. The effect, however, 
was not constant and in several experiments KCl had no effect 
on the ATP-binding capacity. 



PART 11. 

Actin. 

Actin is described by Straub in two papers (116, 117) and in 
one paper by BAUBNOVid and Straub (117). In writing this 
chapter I will quote freely from these papers and wiU make only 
a few additions of my obti. 

Some properties and reactions of actin. 

Actin, prepared by Straub's method, has the following com- 
position: 

C: 51.3 %, H: 8.6 %, N: 15. 1 %, Ash: 1.1 %. 
According to these data it is a protein. It contains no P. 

The muscle extract, containing actin in high purity, is a limpid 
fluid. Its specific viscosity is A-ery low: somewhat higher than 
that of hemoglobin and somewhat lower than that of serum 
albumin. It is also independent of the pressure, shows thus no 
anomaly (Pig. 11) and has no DRP. This proves that actin, in this 
state, is a globular protein. 

If 0.1 AT KOI is added to the neutralised extract, within a 
few minutes the fluid becomes slightly opalescent and develops 
a strong Tyndall effect. It becomes highly \dscous and shows a 
splendid DRP, which persists for some time after stirring (Fig. 
12). The sign of the DR is identical Avith that of myosin (posi- 
tive). The Auscosity is highly anomalous (Fig. 11). All this shows 
that actin, in this state, is a fibrous colloid. 

A transformation has taken place under the influence of KGl: 
the globular protein has been transformed into a fibrous one. 
This transformation can be effected by any salt that does not 
destroy the protein. The fibrous form reverts to the globular 
form if dialysed at an alljaline reaction: the transformation is 
reversible. 
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Actin can thus exist in two forms: as the globular G-actin (“G” 
stands for globular) and as the fibrous F-actin (“F" stands for 
fibrous). This transformation will be called here the G — ^F trans- 
formation. Steaub had called this process the "activation” of 
actin, F being the "active”, G the "inactive” actin. By "activity” 
he meant the ability of actin to form a highly viscous actomyosin. 
This is done by F-actin only and not by G-actin. 



0 20 a so BO 

— icm water pressure 


Fig. 11. Viscosity of inactive and active actin at different pressures. 
0 — 0 2 mg/ml active actin in 0.2 3/ KCl. 
s: — X 3 mg/ml inactive actin in diat. -water at O'”. 


This property of actin, that it is capable of existing in two 
forms, in globular and fibrous form, which can be reversibly 
transformed into each other, is striking and unique. 

As to the nature of the G — ¥ transformation of actin, two 
possibiKties present themselves. Either the globules are poly- 
merised in such a way that they form, like a string of beads, a 
linear particle, or else the globules are unwound to a thread. 
Observations, made up till the present, are more in harmony 
with the polymerisation (increase in opalescence, development 
of Tyndall effect), so I will employ this explanation. 

In any case the linear actin particles is formed of globular particles. 
The same is probable for myosin, as shown before. A. Pittoki (un- 
published) has ^ obtained results with fibrinogen which suggest that 
this linear colloid has an analogous structure; it may be asked-whether 
the globular form is not the basic form of protein and whether not all 
fibio-us proteins are built up of globular particles. 
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Yiscodty and Thixotropy of F-actin. B'-actin is thixotropic. If 
a 0.4 % F-actin solution is allowed to stand it gelatinises. Gentle 
shaking breate up the gel into a fluid.. Thus the cohesive forces, 
which cause thixotropy, are rather weak -and are easily broken. 
Probably this explains why there has been some divergence of 
opinion about the thixotropy of actin. Steaub, in his first paper, 
states that actin is thixotropic. In his second paper he takes this 



Kg. 12. Double refraction of actin solutions. 
Photographs taken through crossed nicols. Left: inactive actin. 
Right: the same solution after activation. 


statement back. Guba, who has devoted since then a great deal 
of work to actin, finds this colloid distinctly thixotropic. The 
explanation of these discrepancies may be that small forces, like 
gentle motion, suffice to break up the thixotropic Rupture. So 
subsequent readings in the viscosimeter may give the same values, 
the structure having been broken up completely by the -streaming 
at the first reading, while other thixotropic colloids break up 
gradually and give decreasing values xmder the same condition 
in the subsequent readings. 

Thixotropy makes it impossible to state exactly the specific 
viscosity of actin. AH the same, under the usual conditions of 
viscosimetry, that will say, if we employ not too low pressures 
or not too concentrated solutions and not too narrow capillaries, 
the influence of thixotropy will be small, no more than 10 per 
cent. 
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The thixotropy indicates that the actin particle has strong 
cohesive forces which find their explanation in the function of 
actin wJiich probably forms long and strong threads in the muscle 

fibril. 

Viscosily. In Fig. 13 the dependence of the specific viscosity of 
F-actin on concentration is given (taken from an unpublished 

paper of Guba). The curve shows 
that F-nctin has about the same 
7^ j [ I II j specific viscosity as myosin. While 

this visco.sity is much higher than 
that of globular proteins, it is much 
lower than that of highly polymer 
substances, like rubber or cellulose. 

If the viscosity is taken as an index 
of the length of the particles, then it 
indicates that the jiarticles of F-actin 
are of the same length as those of 
myosin. Neither the strong DRF nor 
the high degree of viscosity anomaly 
are explained by the length of the 
particles. The high degree of anomaly 
is, in all probability, due to the 
thixotropy, the intense DRF to swarm formation, with con.\-ial 
association of particles. 

While the DRF of myosin is very sensitive to pH and salt con- 
centration and is easily abolished by their incren.se, the DRF of 
actin is not sensitive. The DRF of diluted actin is abolished by 
higher alkalimty or acidity, but the loss is irreversible. Moreover, 
while the DRF of myosin ceases as soon ns the flow has stopped, 
a stronger F-actin solution shows permanent DR. Tliis shows 
that the coaxially arranged and associated particles are held to- 
gether by stronger forces than in the case of myosin — probably 
the same forces make actin thixotropic. 

That actin is not a really highly polymer substance, comparable 
to rubber or cellulose, is also shown by the fact that if dried at 
neutral reaction, it dries down to a hard, thin sheet, and does 
not form a resinous mass like highly polymer substances. 

Reaction with salts. Any salt, in high concentration, will pre- 
cipitate actin. KGI, for instance, will precipitate it at 2 M. Ga 
and Mg, however, precipitate the protein in high dilution: 0.002 
M CaCla or MgCL will suffice to bring it doivn. The precipitation 
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Fig. 13. 
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sets slowly and entails, at room temperature, partial denaturation. 
Mn and Sr have a similar effect. 

The Ca and Mg precipitation at 0° can also be used for the 
purification of actin. Precipitation with 'Ca has its maximum at 
0.1 N concentration. Higher concentrations, like 0.6 iV cause no 
more precipitation. The precipitated actin can be centrifuged out 
and liberated from the bulk of Ca by means of dialysis at 0°. The 
small quantity of remaining Ca can be precipitated by oxalate. 

There is a distinct antagonism between Ca and K. KCl, if 
added in sufficient quantity, will not only prevent, precipitation 
by CaClj, but will even dissolve the Ca precipitate, especially if 
added immediately after the precipitate was formed. The re- 
dissolved actin will be more a suspension than a solution, but all 
the same it will be active towards myosin. After the precipitate 
has been standing for some time, the redissolution ivill be more 
incomplete and there will be a loss of activity. For complete dis- 
solution 40 — 50 times as much K have to be added as Ca. Na has 
a similar effect to K. This relation of Ca to K and hTa corresponds 
to the values of the well known physiological antagonism of these 
ions. 

NaJ has a special action. In low concentration (0.1 M), it 
“activates" the actin, like any other salt, say KCl, 0.5 ilf NaJ 
does not activate at all. If this concentration of NaJ is added to 
F-actin, within 30 minutes, at 0° — 22°, the DEF disappears and 
the viscosity falls to very low values which correspond to a 
globular protein. NaJ thus disintegrates the F-actin into G-actin. 
The effect is irreversible. If the salt is removed by dialysis, the 
actin remains “inactive" and cannot be activated again. Bromides 
have a similar but much weaker effect. 

pH. Actin is precipitated by acids with a maximum at pH 4. 7. 
The precipitate can be redissolved at pH 7. Salts, if present during 
precipitation, denature the protein. 

G-actin is precipitated under these conditions as a very dense 
precipitate which settles very quickly and to a small volume. It 
will be redissolved partly activited to F-actin. If pH 4.7 buffer 
is added to the F-actin, this does not precipitate but forms a 
transparent mass. Shaking breaks up the structure and the actin 
flocculates forming a bulky precipitate. Actin, dissolved in acid, 
is very sensitive towards anions; chlorides cause immediate 
precipitation and denaturation, whereas phosphates do not 
precipitate. 
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The viscosity of F-actin greatly depends on the pH. The pH 
dependence of viscosity is given by Fig. 14 taken from the nn- 
published paper of Guba. 

Stability. Actin is easily destroyed by heat over 50°. It is 
stable in a narrov? pH zone between pH 7 — 7.6 but is destroyed 
even at 0’ by more acid and alkaline reactions. Dialysis at pH 7 

does not diminish its activity. It 
can be precipitated by cold al- 
cohol but it is completely de- 
stroyed if treated with cold acet- 
one. (This is the more interesting 
as it is very resistant to acetone 
when still in the muscle tissue.) 
Actin, precipitated at pH 4,7 
can be treated with acetone but 
is readily denatured and rendered 
insoluble by drying on air. At neu- 
tral reaction actin can be dried 
in the vacuum desiccator without being denatured, and can be 
redissolved in active form. 

Solubility. Actin is soluble in water but not soluble in an- 
hydrous solvents like acetone, alcohol or pyridine. A great excess 
of alcohol has to be added to its neutral or alkaline solution to 
precipitate it. 



i 7 » 

pH 

Fig. 14. 


The G— F transformation (activation). 


The end-point of activation is independent of the nature of the 
salt used. As non-dissociating substances have no effect, the ac- 
tivation must be ascribed to ions. The concentration of salt 
needed for activation is inversely proportional to the charge of 
tne positive ion. 


About 10 times more KGl is needed, than GaCh, to produce 

inorTT chlorides, the velocity of activation 

increases m the order; Rb, K, Na, Li. If the haloids (used as Na 

salts) a’re compared the velocity of activation increases in the 
der. J, 01, F. Thus HaF activates very fast, KJ very slowly, 
effect of the charge of the anion is opposite to the effect 

than chlorides. The hydrogen ion is a more potent activator than 
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any other ion: ’ there is instantaneous activation at a pH, lower 
than 6. 

The velocity of activation depends upon the concentration of 
the salt. If a low concentration of salt is used, the time curve 
of activation can be studied in the viscosimeter. It is found that 
after a rapid rise the activation is considerably slowed down 
and the end point is reached very slowly. This fact points to the 
multimolecular nature of the reaction (Fig. 15). 



The effect of temperature is shown in Tab. III. The velocity of 
activation rises rapidly with increasing temperature. 


Table HI. 


Temperature 

% active actin found 

0 

4 

12 

70 

20 

82 

30 

100 

35.5 

100 


Effect of salt concentration. (Fig. 16.) It is almost impossible to 
get a true picture of the effect of salt concentration because the 
end-point and the velocity of activation both vary with the salt- 
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concentration. The end-point is reached very slowly with smaller 
concentrations of salt. 



Fig. 16. Effect of concentration of salt on the activation of actin. 2.5 mg/ml nctin 
inonbated at 36.5 -with salt of the concentration indicated on the abscissa. pH 7.4. 
The % active actin content vras determined after 60 minutes’ incubation. 

The fH-defendence is shown in Tab. IV. 


Table IT. 


Actia incubated for 
15 min. at 22° at pH 

% active actin fomid 

7.0 

6 

6.0 

20 

5.7 

75 

5.3 

100 


Reversibility. If the salt, which caused activation, is removed, 
the actin remains active. Inactive actin is, however, formed 
dmring dialysis if the actin solution is first made alkaline. An 
actin solution, which contained 70 % of the actin in the active 
form, was mixed with 1/10 of its volume of 0.1 ilf borate buffer 
of pH 10 and dialysed against COj-free distilled water for 24: 
hours. The dialysed solution contained only 2 % of the actin 
in its active form, the rest being inactive actin, which could be 
activated by the addition of salt. The total actin content decreased 
so % during dialysis. 
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Effect of freezing. If G-actin solution is frozen, on thawing 
the actin null be found activated partlj to F-actin. This may- 
be explained by the effect of freezing on the actin- and salt- 
concentration, which are greatly increased by the crystallisa- 
tion of water, which both enhance activation. This method of 
activation is very valuable if an F-actin solution is needed, poor 
in salt. 

3Ig and Ca. Straub found that on addition of 0.1 M KOI 
at 0° G-actin was readily transformed into F-actin. This was 
true for a fresh actin preparation. If, however, the actin solution 
was stored, the rate of transformation rapidly^ decreased and 
after a few hours there was no activation at all. This was not 
due to the destruction of the actin, since, at room temperature 
and at a higher actin concentration, the protein could still be 
activated to a full extent. 

The low rate of the transformation of stored actin at 0° made 
it possible to follow this process in the viscosimeter, the G — F 
transformation being accompanied by a strong rise of viscosity. 

In Fig. 17, taken from the last unpublished paper of Straub, 
this influence of the storage on the rate of the G — F transforma- 
tion is shown. It will be seen that one hour of storage suffices to 
slow down the process to a very great extent. 

Curve 2 of Fig. 18 shows, that the viscosity of a stored actin 
rose no more in the presence of O.i 31 iN’aCl, there was thus no 
G — ^F transformation at all. 

Straub has found (unpublished) that addition of a small 
amount of watery muscle extract greatly increased the rate of 
transformation. This effect was due to the presence of two fac- 
tors, the one thermolabile, the other thermostable. The labile 
factor was found to be mvosin. 

Myosin, in quantities of '0.5 — 1.0 mg, given to 8 mg of actin, 
increases the rate of the G — ^F transformation (0.1 ilf NaCl) 
5 — 10 fold. This is true if the actin is still capable of some ac- 
tivation. If it has been stored too long and is not activated by 
NaOl any more, addition of myosin ^vill not change this result. 
Thus myosin only speeds up the salt-activation but is unable to 
replace it. While myosin speeds up activation in presence of low 
salt concentrations, in presence of high salt concentrations it has 
the opposite effect. These higher salt concentrations (e. g. 0.6 Jf 
KOI), which readily activate actin in absence of myosin, are in- 
active in its presence. 

S— 450474 
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Actin in mnscle. 

According to Balenovic and Straub 1 g of rabbit’s muscle 
contains 25 — 30 mg of actin, representing about 12 — 16 % of 
the total protein. It is evident that the insoluble “stroma”, ■which 
makes about 15 — 20 % of the total protein of muscle, must chiefly 
consist of actin. If blood vessels and coimective tissues are dis- 
counted, no room is left for any other protein to play a significant 
quantitative role in the composition of muscle. It seems thus to 
be incorrect to say, that actin “is fixed to the insoluble structure”. 
We rather meet facts by saying that actin forms the insoluble 
structure itself. 



PART rri. 


Actomyosin. 

Ociieral rcnmrks. 

If a dilute solution of myosin and K-actin are mixed, tlie sml- 
den rise of viscosity indicates the formation of a nov,-, lughly 
viscous substance: P-actomyosm,_ a compound of F-actin and 
myosin. The formation of actomyosin is reversible and the com- 
plex readily dissociates under different conditions info if.s com- 
ponents, aotin and myosin. 

The different reactions of actomyosin arc mo.<tly the reactions 
of one of its components. Actin being n rather inactive snh.stnnce, 
most reactions of actomyosin arc the reactions of its myosin 
moiety. In many cases this actin-linked myosin reacts in the 
same vay as free actin does. So, for instance, if actomyosin i.s 
precipitated by alkali-salts and binds alkalimetals much in the 
same way as myosin does, this i.': evidently duo to the reaction 
of myosin, -which was not changed by actomyosin-formation, since 
actin is not precipitated by alkali metals at all. 

In other instances, however, the reactions of myosin are al- 
tered by the actomyosin-formation. To give an example: lilg- 
myosinate is enzymatically inactive and is unable to split ATP. 
By its being linlced to actin this ]Mg-myosinate hecome.s enzym- 
atically active. While inhibits free actin. it activates actin- 
bound myosin. Another example; free myosin is unable to split 
isomerised ADP, while actomyosin readily splits it. Since actin 
has no enzymic actmty whatever, it is evident that tliis ADP- 
splitting is a reaction of the myosin induced by the actin. 

Both F- and G-actin form actomyosin. Tlie properties of the 
corresponding actomyosins arc tvidely different and will be dealt 
with in special chapters. 
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Actomyosin is not. a substance, defined by stoichiometric re- 
lations. According to the relative quantity of actin and myosin, 
different actomyosins are formed, which have their own physical 
constants, behave thus as individual substances. So, for instance, 
a 2 % F-actomyosin, containing no more than 2 parts of F-actin 
to 98 parts of myosin, will have its ovm characteristics. 

The maximum "activity” is shown by an actomyosin con- 
taining two parts of actin to five parts of myosin (Straub 116, 
127). According to Balexovic and Straub this is the relation of 
actin and myosin in muscle and if not stated otherwise, my text 
will relate to such actomyosin, prepared from pure actin and re- 
crystallised myosin. 

The most striking reaction of F-actomyosin is its contraction 
precipitation and deliydration under influence of salt and ATP. 


Salts, in absence of ATP, have the same action 
but only to a small extent. These reactions can be 
.studied in gels or suspensions. If gels are used they 
are applied with advantage in the form of thin 
threads, prepared according to IVeber; a special 
chapter will be devoted to them. If suspensions are 
used, we may provoke jirecipitation or contraction. 
If our suspeasion is discontinuous, consisting of 
flocculi the contraction of the .single flocculus will 
eau.se precipitation. If the suspension is more ho- 
mogeneous and corresponds rather to a very dilute 
gel, then, under influence of salt and ATP, it will 
contract to a small plug, leaving a clear fluid 
behind (Fig. 19). Thi.s contraction is perhaps less 



.striking than that seen in threads (Fig. 1) but diffusion will 


not limit reactions and one mav see in a series of tubes disso- 


lution and precipitation side by side. 

Like myo.sin, actomyo.sin also is dissolved by higher concentra- 
tions of alkali salts. Bv an “actomvosin solution” I will mean, 
if not .stated otherwise, actomyo.sin, dissolved in 0.6 M KGl. 


F*nctonlyosiii. 

F-actomyo.sin is a hydrophilic colloid. At low concentrations it 
forms stable and transparent, highly viscous suspensions. At 
higher concentrations it forms a transparent, elastic gel. 
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The viscosity of actomyosiu solutions is not only high but is 
also strongly anomalous. This is revealed by measuring the vis- 
cosity at varied pressure or concentration (Fig. 4:9, top-curve). 
Actomyosin solutions show also a splendid DRF, which is stronger 
than the DRF of its components (in 0.6 M KCl myosin has no 
DBF at all). 

Actomyosin has thus all the characteristics of a typical highly 
polymer fibrous colloid. Since the high viscosity and the DRF 
are not effected by slight variations of pH or salt concentration, 
they cannot be due to a superficial association, like swarm- 
formation, but must be due to the high dimensional asymmetry 
of the actomyosin particles. This is rather remarkable because 
actomyosin is formed of two colloids none of which has such a 
high degree of asymmetry. 

While the viscosity of actomyosin, extracted as such from 
muscle (myosin B) remains unchanged for a long time, the initial 
high viscosity of actomyosin solution, prepared from pure actin 
and myosin, rapidly drops to low values on storage even at 0°. 
The persisting strong DRF indicates that the drop of viscosity 
was not due to the disintegration of the F-actin but to the disso- 
ciation into actin and myosin. F. Guba, who made these obser- 
vations (unpublished), found, that the viscosity could be stabilised 
by the addition of small amounts of muscle extract. The analysis 
showed that it was the Mg which was responsible for this effect 
which could be duplicated by the addition of small amounts 
(0.001 M) of MgClj. 

According to the observations of F. Guba (unpublished), acto- 
myosin is slightly but distinctly thixotropic, which is evidently 
due to the thixotropic nature of actin. The thixotropy is not high 
and the drop of viscosity, observed on repeated reading.s, hardly 
exceeds 10 % of the total viscosity. All the same, this thixotropy 
makes it impossible to state numerically' the viscosity' of acto- 
myosin. Working, however, under identical conditions, with the 
same viscosimeter at the same pressure, the viscosity of different 
actomyosin preparations may' be compared with satisfactory' re- 
producibility. It was found to be the most convenient to compare 
the first readings. 

Reaction 'iviih salts. If a watery my'osin- and actin-solution are 
mixed, the sudden rise of viscosity indicates the formation of 
actomyosin. In fig. 20 the two columns on the left side show the 
specific viscosity of a 0.175 % myosin and a 0.07 % actin solution. 
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Fig. 20. Specific ^^scosity of actomyosin at varied KCI-concentration in presence 
{lower cutve) and absence of ATP (upper cun’e). 170 % active actonjyosin, con- 
taining 1.73 nig myosin and 0.7 mg actiii per ml. O.Ol 21 veronal-acetate buffer 
of pH 7 in all samples. 0.01.7 % ATP. The vertical lines on the left indicate the 
specific n’scosity of, the corresponding myosin and actin solutions. The viscosities 
of salt-free actomj-o.iin with and without -\TP (arrow) are marked on the ordinate. 


The viscosity of the corresponding actomyosin is marked on the 
ordinate by an arroiv. 

Though insoluble in ivater, actomyosin is very hydrophilic. At 
higher dilution it forms transparent, stable suspensions while at 
higher concentration it forms a transparent, elastic gel. 

Similary to myosin, actomyosin also is precipitated by small 
amounts of alkali-salts. Accordingly, if KOI is added to a salt- 
free actomyosin-gel, it becomes turbid and shrinks to some 
extent, wMle if a salt-containing gel is washed salt-free, it clears 
up and swells greatly. Very small salt-concentrations, like 0.001 
M K.G1 jirevent this swelling. 

The maximum of precipitation lies in the case of KCl, at 0.05 
M, but even this maximally precipitated actomyosin is rather 
hydropliilic. Its flocculi are loose and, if centrifuged, enclose 
about 98 % of water. Also the actomyosin gel, at this salt con- 
centration, is a hydrophilic colloid, which always encloses a very 
great volume of water. The author never succeeded in preparing 
an actomyosin which contained less than 95 % of water. 
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If tlie precipitation of myosin ami actomyosin arc compared 
at varied KGl concentration (Tab. V), it will be found to be 
identical at low salt concentration. The maximum of precipita- 
tion, however, is shifted in the case of actomyosin towards the 
higher salt concentration. At 0.05 M KOI, where the maximum 


Table V. 










Upper line; molar concentration of KGl. Grosses mean precipitation. 0.1 % 
solution of myosin and 0.1 % suspension of a 25 % actomyosin. 


lies, myosin is positively charged and actomyosin is a compound 
of a positive and negative colloid, while the whole particle, formed 
from a cation and an anion, is isoelectric. AVhile the isoelectric 
KOl-concentration of myosin is 0.025 ilf, that of actomyosin is 
0.05 M. At a lower KOl-concentration the actomyosin is charged 
negatively, at a higher concentration it is charged positively. 

Actomyosin is kept in solution by 0.4 M KOI. At this salt- 
concentration it has a high viscosity which gradually drops as 
the molarity of the salt increases. This is shoivn in the upper 
curve of Fig. 20 (F. Guba, unpublished). The minimum is 
reached at 2 M KOI where the viscosity corresponds roughly 
to the additive value of the viscosities of the actin and myosin 
present. This indicates that the actomyosin has dissociated 
completely into its components. 

As is mostly the case with hydrophilic colloids, the solubility 
has no sharp limits and depends on conditions. 0.4 M KOI keeps 
actomyosin in solution, but an actomyosin gel is not dissolved 
even by 1.0 ilf KOI, especially if it has been standing for some 
time. In an actomyosin gel or precipitate cohesive links are formed 
which inhibit dissolution. The solubility of an actomyosin precip- 
itate may decrease appreciably ivithin seconds after its formation. 

Like myosin, actomyosin also is strongly precipitated and made 
to shrink by bivalent cations. Even 0.0006 MgCL causes strong 
precipitation. 

Evidently, all these colloidal reactions of actomyosin depend 
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on tlie charge, viz. the metal-saturation of the myosin. Bakga 
(unpublished) extended her studies on metal adsorption to acto- 
myosin. She proceeded as follows: 

2 M IvCLwas added to recrystalli.sed myosin up to a final concen- 
tration of O.j M. To this myosin-solution was added a strong solution 
of actin, dissolved in 0.5 31 KCl and purified by isoelectric precipitation. 
The solution contained enough actin to make maximally active acto- 
myosm. The actomyosin solution thus obtained was squirted slowly 
through a thin tube into an amout of distilled water Avhich sufficed to 
bring down the total KCl-concentration to O.ooi 31. Here the acto- 
myosin gelatinised in the form of a thin thread. The thread suspension 
was gently agitated for an hour, whereby the IvCl was washed out and 
the threads swelled. The washed threads were suspended in the dif- 
ferent salt solutions and then treated, as described for myosin. 

These experiments showed that ther(i was no great difference 
between the K-adsorption of myosin and actomyosin, if calculated 
for the myosin present. Actom 3 ’osin adsorbed more Ca and Mg, 
especially at a low salt-concentration, Avhere actomyosin adsorbed 
nearly twice as much metal as myosin. The break of the curve 
was also less sharp. The difference is due, in all probability, to 
the binding of metal by actin, which is also precipitated by Ca 
and Mg but not by K. 

Tlie maximum of the precipitation of actomyosin lies between 

0.025 and 0.05 31 KOI where the mvosin has bound 5 K. With 

%/ 

one K less actomyosin swells strongly. With 8 — 9 K it is soluble 
and begins to dissociate (0.4 31 KOI, extrapolated). 

'With about 11 K adsorbed its dissociation is complete (2 31). 
It is impossible to state yet the exact relation between charge 
and physical state because the K-adsorption-curves vary to some 
extent from preparation to preparation. 

Actin unites with negatively as 'well as with positively charged 
myosin, provided the charge does not exceed a certain value. 
With 9 K the binding between actin and mjmsin becomes rather 
loose, as indicated by the incipient dissociation. With 11 K the 
myosin forms no actomyosin at all. 

Heaclion with ATP. Small amounts of ATP change the reac- 
tion of actomyosin to KCl in a striking way; the ATP-complex of 
actomyosin, actomyosin- ATP, reacts differently to KCl, than 
actomyosin does. Actomyosin and actomyosin-ATP are two dif- 
ferent substances. The lower curve in Pig. 20 shows the behavior 
of actomyosin-ATP (actomyosin in presence of 0.015 % ATP). 
As the curve shows the zone of precipitation has become narrower 



42 A. SZENT-OYORGYI. 

md outside this zone, in absence of salt or above 0.2 M KOI, 
dissociation is complete tliroughout and the low viscosity cor* 
responds to the additive value of myosin and actin, Actomyosin- 
ATP is thus either precipitated or dissociated; dissolved acto- 
myosin-ATP does not exist and even the precipitated nctomyosin- 
ATP is capable of existence only in a narrower zone of KCl-con- 
centrations. 

Not only the extent, also the nature of the precipitation has 
greatly changed. While the precipitated actomyosin is loose, 
floccular and rather hydro])hilic, the precipitated aetomyosin- 
ATP precipitate is granular and settles quickly to a small volume. 

The difference between the precipitated actomyosin and its 
ATP-complex can be ob.servcd if ATP is added to a salt-precipi- 
tated actomyosin. On addition of ATP the loose, flocculent pre- 
cipitate becomes granular and its volume decreases. The change 
is still more striking if the ATP is added to a piece of actomyosin 
gel, say an actomyosin-thread, suspended in O.Oa M KCl. This 
gel consists of salt-precipitated actomyosin and contains u great 
amount — mostly 98 % or more — ^^vater. On addition of ATP the 
thread rapidly shrinks to a small volume (Fig. 1 a and b) and 
presses out practically all water. The slirinking i.s so fast that 
it makes the impression of active contraction. The same effect 
can be observed on a more concentrated but homogeneous acto- 
myosin-suspension which, on addition of ATP, contracts to a 
small plug, leaving a clear fluid behind (Fig. 19). Contraction and 
precipitation are thus identical phenomena. Contraction is but 
the precipitation of a continuous gel. If a discontinuous suspension 
contracts, it precipitates; if a continuous gel precipitates, it con- 
tracts. The change is due, as will be shown later, to the same 
basic reaction: to the shortening and complete dehydration of the 
actomyosin-ATP particle. The actomyosin- ATP particle i.s shorter 
and is less hydrated than the corresponding actomvosin particle. 
Thus the entering of the ATP molecule into the actomyosin- 
complex entails the contraction and dehydration of this latter. 
Similarly, if the distended and liydrated inyosin-ATP particle 
unites with actin to form actomyosin-ATP, this entails contrac- 
tion and dehydration. 

The KCl-maximum of precipitation or contraction of acto- 
myosin-ATP lies at 0.05 31, the same KOl-concentration at which 
actomyosin is maximally precipitated. Actomyosin-ATP- is tlius 
stable only in a narrow range of IvGl-concentrations about its 
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isoelectric reaction, where the whole particle has no charge, actin 
is negative, myosin weakly positive. Outside this zone the ATP- 
complex of acto myosin dissociates, -contrary to actomyosin 
which is stable in a much "wider range of KOI concentrations and 
is stable even in the entire absence of KOI. 

The formation and dissociation of actomyosin-ATP, is thus a 
matter of charge and metalrfixation. Banga has studied the K- 
binding of actomyosin-ATP, that \vill say, measured the K-ab- 
sorption curves of actomyosin in presence of ATP. She found that 
ATP (O.i %) made no difference to the metal-fixation of acto- 
myosin. More exactly: there was no other difference between the 
metal-fixation of actomyosin and acto-myosin-ATP than there 
was between myosin and myosin-ATP. Also the ATP-binding of 
myosm and actomyosin were equal (calculated for the myosin 
present). It follows thus that if the contracted actomyosin-ATP 
is formed from actomyosin and ATP or of myosin-ATP and actin, 
only the hydrate-water is given off, and not the metal. Contrac- 
tion entails thus no loss of metal, only loss of hydrate-water. 

At 0.05 M KOI, where actomyosin-ATP is the most stable, 
the most contracted and dehydrated, its myosin binds 6 K, is 
thus slightly positive and the isoelectric actomyosin is the com- 
pound of a positive and a negative colloid. How far this charge 
of myosin can be increased or decreased without causing dis- 
sociation of the complex, i. e. how wide is the stability-range of 
the complex at varied KOI- concentration, depends on the ATP 
content of this complex, which, on its turn, depends on the 
ATP-concentration of the solution. If there is no ATP at all, 
the zone is very wide; if there is little ATP present, the zone is 
narrower, and if the ATP-concentration is high, the zone is 
very narro"W'. The more ATP the complex contains, the stronger 
its tendency to dissociate and the less change in charge will 
suffice to cause its dissociation.^ This is shown by the experiment 
reproduced in Tab. VI. It can be seen that the higher the ATP 
concentration, the narrower the zone of precipitation (contrac- 
tion). At the physiological level of 4 mg ATP per ml the zone of 
precipitation is limited to a narrow range around 0.05 M KOI. 
IVliile in absence of ATP the myosin unites with actin from 
0 — 2 M KOI, from no K"^ to 11 K"*" bound, in presence of 0.015 % 

‘ ATP caused dissociation also of the myosin-glycogcn-complex. The ATP 
changes thus the general properties of myosin and its action is not directed towards 
the actin-myosin bond in a specific way. 
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ATP the zone is liny ted from to O.OOH~0.‘2 d/ KOI yhicli cor- 
responds to 4—8 K+ bound. At the }d\ysiological ATP-conceii- 
tration- the loss of a half, or tlie gain of 2 K.-^ will suffice to cause 
dissociation, and contraction is limited to tlie narrow zone where 
myosin has a weak positive charge.’ If actin and myosin-ATP 


Table VI. 


J/ KCl 

1 



% ATP 

O.-t 

0.2 , 

0,1 

O.ori 0,025 0 , 0125 ! 0 
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0.1 
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1 1 
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; ’ : 0 1 

0.2 

f 1 

1 

XX 

- XX XX X 

0.05 

XXX 

XXX 

XXN 

• XXS X.X XX 

O.oi2:> ' 

1 

1 

0 

0 X X - 


I _ , _ . 

o.noa ! '. ! ! ! ! ! .X - 

I O.ooos !!!!!!!!! .' ! 0 0 

0.1 % suspension of 25 % nctomyosin. 

~ = precipitation, x = contraction, ! = (li«<olution, 0 — no change. 

unite thus to form the contracted actomyosin-ATP, this contrac- 
tion can be described, in terms of coIIoidal-chemi.'Jtrv, ns the 
precipitation of a positive colloid by a negative one.* If the myosin- 
ATP has a different charge it will not unite with actin or if the 
charge of the myosin-ATP is changed ^Yithin the actomyosin- 
ATP-complex (by changing the KCl-concentration), the complex 
dissociates into actin and myosm-ATP again. There is thus no 
real difference between contraction (association) and dissociation 
(relaxation), both are reactions of the same two colloids depending 
on the charge of their particles. The same reactions are given 
by actin and myosin also in absence of ATP. In presence of 0.05 
M KGl actin and myosin precipitate, dehydrate and contract also 
to some extent but all these changes are very much weaker in 

• numeric statement of charge relates only to the myosin-preparations used 

in these experiments.^ It is probable that the K.-dissociation-oun’c of myosin in 
Mvo IS someivhat different and accordingly also the numbers will bo different. 

Actin IS precipitated in a similar way by other positive colloids, like protamin. 
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absence of ATP and for dissociation n'e need much more extreme 
charges. the mechanism of the reaction is by which. ATP 

intensifies these reactions to such an extent, remams to be shown. 
Probably this problem belongs into the domain of molecular 
physics. Por the moment we must content ourselves with the 
statement that ATP is needed as well for contraction as well as 
for relaxation. Both are colloidal reactions of the actin-myosin 
system, intensified by ATP. 

Precipitation and dissociation are common phenomena of col- 
loidal-chemistry and contraction and relaxation come in line 
with them. All the same the striking rate and extent and prompt 
reversibility of these reactions in actomyosin-ATP must impress 
even a colloidchemist, accustomed to the sight of these reactions 
and demand some further explanation. 

MoiniAERTs has studied the quantitative relations of the dis- 
sociating effect of ATP. His problem was to find out what the 
smallest quantity of ATP is, necessary to cause complete disso- 
ciation of actomyosin in 0.6 M KOI. Actomyosin,. under such 
conditions, is on the verge of dissociation. The result was that 
the actomyosin dissociated if there was 1 mol of ATP for every 

100,000 g of actomyosin. Mommaerts worked with impure acto- 
myosin, containing 15 % actin and some impurities so that his 

100,000 g actomyosin contained about 70,000 g myosin. Dissocia- 
tion was thus complete if there was one molecule of ATP for every 
myosin- unit of MW 70,000, which suggests that myosin is actually 
built of such particles. 

The results of Mosijiaerts were corroborated by Straub (112). 
Mommaerts himself arrived at the same result by different meth- 
ods (light-scattering, gelvolume). His results agi'ee with Weber 
and Stover who found that the myosin micel of„MW 10® g is 
decomposed by strong urea into units of 10®, while The Sved- 
BERG showed that the probable MW for a proteinrunit is not 

100.000 but 70,000 g. 

It is remarkable, that one such relatively small ATP-molecule 
should be able to change the properties of a particle of MW 

70.000 g to such, an extent. It has also been shown that l/j H'*' 
adsorbed makes a very great difference to the properties of the 
particle of 17,600 g. One thus greatly changes the properties 
of 35,000 g myosin. All the same the H-binding curves are smooth 
and the properties of the actomyosin change gradually. This sug- 
gests that the single K-ions do not belong to such a limited area 
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wHcli corresponds to MW 17,000, but belong to much bigger 
units and the single ions are the common property of these whole 
big units. It is probable that the K-ions take part udth their 
electrons in the upmake of the common energy-levels of the par- 
ticle, as described in a special article (150). If the particle has 
an MW of 10« g, as is probably true for myosin, and our curves 
are made to relate to such particles, then o K correspond.s 300 K 
bound, 6 K to 360 K, and gradual tran.sition becomes pop.sible. 
The same may relate to ATP. 

Stbaub (128) has shown that inorganic pyrophosphate })a.s 
qualitatively the same dissociating effect as ATP though some- 
what higher pyrophosphate-concentrations had to be employed 
to obtain the same effect. This shows that the pjTophosphate 
group is instrumental in the binding and the di.ssociat ng effect 
of ATP, while the rest of the molecule only modifies the action. 

This effect of inorganic p}Tophosphate is of interest, becau.se 
myosin is unable to split this compound. This shows that the 
splitting of ATP is not involved in its dissociating effect. Since 
dissociation and contraction seem to be related phenomena, the 
activity of pyrophosphate suggests that the splitting of ATP is 
not involved in the mechanism of contraction either. 

That p}T:ophosphate causes no contraction cannot be adduced 
as argument for the difference of the two reactions, precipitation 
and dissociation, for inorganic 2 )}'rophosphate dissociates acto- 
myosin only at low temperature where contraction is very sluggish 
or there is no contraction at ail. 

Heversibility. The reactions described are reversible. So, for 
instance, if actomyosin-ATP is precipitated by KCl, the precipitate 
can be dissolved by increasing or decreasing the salt-concentration. 
The complex may be brought alternately to contraction and dis- 
sociation by alternately increasing and decreasing the salt-con- 
centration. The reversibility of contraction also indicates that the 
splitting of ATP is not involved in this process. 

As equilibrium reactions all these reactions will greatly depend 
on temperature. So, for instance, ATP, which readily precipitates 
actomyosin at room temperature, does not precipitate it at all at 
0 and the actomyosin, precipitated at room temperature, mav 
even dissolve, if cooled to 0°. Actomyosin is dissociated by iii- 
orgamc pyrophosphate only at low temperature (0—6.5'’); the 
reaction is reverted by bringing the system to 22'’. 

Mg has a double effect; in higher concentration it causes con- 
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traction, or superprecipitation of actomyosin-ATP, similarly to 
KOI. Tliis is shown in Tab. YLl. Below 0.001 M it has no such 
activity- but is still capable of strongly enhancing the KCl-con- 
traction. So, for instance, 0.02 31 KOI gives only feeble contrac- 
tion; if 0.0006 31 MgCL is present the contraction will be fast and 
strong. 

Table YH. 
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0.125 % actomyosin, 0.05 % ATP. x = contraction, — = no change. Numbers 
mean the time elapsed between mixing and rending. 


Another effect of Slg is that it greatly narrows the zone of 
KCl-contraction. This is illustrated by the Fig. 21 where X means 
contraction or precipitation. In this experiment 0.05 % ATP 



was present. In absence of MgCh (broken line) the zone of pre- 
cipitation extends from 0 — 0.2 31. In presence of 0.001 31 MgGL 
the zone is narrower, the curve steeper, which means that small 
changes in KOI concentrations have bigger effects and the protein 
answers the changes in concentration much sharper. With higher 
ATP concentration the precipitation zone would be still narrower. 
This relation of the ATP-concentration and the extent of the 
precipitation-zone is illustrated by the experiment reproduced in 
Tab. VIII. In this experiment the tubes contained 0.001 31 
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MgClo, 0,125 % actomyosin and, at the hcgining, 0.05 % ATP, Ab 
the ilTP is gradually split by the myosin the precipitation-zone 
extends more and more. In this experiment tlic concentration of 
KCl increases from tube to tube ^^'it]^ no more than 0.000 jlf. It 
will be noted that the zone of inactivity is separated from the 
zone of strong contraction by no more than 0.012 ill KCl. In 
presence of Mg the variation of the KOI concentrations by 0.012 
ill suffices thus to bring the relaxed actomyosin to contraction 
and vice versa. Decrease of the KCI-concentration by 0.012 ill 
corresponds to a dilution of 10 %. 

Evidently, these effects find their explanation in the Mg- 
myosinate-formation. Mg, even at 0.001 ill concentration, .sa- 
turates the myosin almost up to the isoelectric level. The K- 
adsorption of this Mg-myosinate is very .steep. 

It could be expected that Ca would have a similar effect, since 
Ca and Mg precipitate myosin in the same way. Contraiy to tbi‘- 
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0.08 M KCl, 13 % actomyosin, 0.O5 % ATP. Signs as in Tab. Vil. 


expectation it was found that Ca, in itself, is unable to contract 
actomyosin-ATP. Ga is not only inactive, it inhibits the contrac- 
ting effect of KCl, as shown by Tab. IX. 

The inhibition is reversible. If the CaOh is removed the acto- 
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invosin contracts again. But it is not even necessar}’- to remove 
the CaGlo. If MgCL is added, the system contracts again. If in 
addition to O.OI M OaCh, 0.0006 or 0.0012 ilf MgCL is added to 
an actdmyosin suspension, the colloid contracts as if no CaCL 
Avould be present. 

There is thus a definite antagonism between the action of Ca 
and K on one hand, and between Ca and Mg on the other. Mg, 
with its greater affinity to myosin competes more easily with Ca 
than does K. Whether the inhibitory effect of Ca is due to the 
inability of Ga-myosinate to contract or to an action of Ca on the 
actin, cannot be stated. 

ADP, produced by splitting off one phosphate radicle from 
ATP by myosin, causes no contraction. It has no striking effect 
on the physical state of actomyosin whatever. As will be shown, 
it is not split by actomyosin either. 

The ADP is converted into a reactive substance by the iso- 
merasc of Banga (see there). Isomerase is active only in the 
presence of Mg. Om recrystallised myosin contains no Mg and no 
isomerase. Also the actin preparations of Steaub are very poor 
in Mg and inactive even in the presence of isomerase. In the 
presence of Mg and isomerase ADP is split by actomyosin and 
will produce the same reaction (contraction, dissolution, etc.) as 
ATP. If both ATP and ADP act in the presence of Mg and iso- 
merase the ADP will have the same effect as an ATP solution 
ha\dng half the concentration. 

Isomerase, in the presence of Mg, will be of influence not only 
on the reaction given by ADP but also on that of ATP. Isomerase 
will enhance the effect of ATP and make contraction faster and 
stronger. This can be understood, because the isomerase, by con- 
verting ADP, not only doubles the number of active phosphate 
groups but also clears out an inactive reaction-product. 

Watery muscle extract contains both Mg and isomerase. If it 
is dialysed for 24 hours it still contains isomerase and sufficient 
Mg to activate the isomerase. This Mg seems to be present in a 
non-dif fusible form. 

The watery extract is prepared by suspending the freshty minced 
muscle in equal parts of water, stirring it for ten minutes, pressing it 
out through a cloth and dialysing it against a great volume of water 
for 24 hours at 0°. 

One part of this dialysed watery extract, if added to nine parts 
of actomyosin suspension, will make the ATP contraction faster 

4— 460 J 74 



50 


A. SZENT'GYORGri. 

and stronger. In presence of this extract 0.02 M KOI will give 

maximal contraction (0.06 % ATP). 

The actin-content greatly influences the reactivity of acto- 
myosin. In Kg. 22 (Guba 129) the viscosity of actorayosins of 



different activity is compared vdth and vithout ATP (0.015 %) 
at pH 7. The curves are analogous to those of Fig. 20. They show 
that the lower the activity (the lower the actin content) the less 
KOI is needed for complete dissociation (marked with an arrow). 
If the concentrations of KOI, necessary for complete dissociation, 
are plotted against activity, a straight line is obtained (Fig. 23). 

These ^xperiVnhnts shoAv that dctomyosins of different com- 
position behave as indi^dduals, which is even true for 1 0 % active 
actomyosin containing no more than 1.5 % actin. 

The 10 and 90 % active actomyosins were jirepared as such from 
muscle, the others from actin and myosin. All solutions contained O.ooi 
M MgClj. 

The aclimty and the myosin: actin ratio. The formation of 
F-actomyosin from actin and myosin declares itself in the rise 
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of viscosity, the very viscous actomyosin"" being formed. The 
dissociation of this complex causes a corresponding drop of vis- 
cosity which has been termed the “activity”. If increasing quan- 
tities of F-actin are gradually added to a certain quantity of 
myosin, in the beginning 
the activity rises roughly 
in proportion to the quan- 
tity of actin added. Later 
the curve flattens, reaches 
a maximum, and drops 
again on the further in- 
crease of actin concen- 
tration. 

This is illustrated by the 
Figs. 24 and 25 (Straub 
116). In the experiment, 
reproduced in Fig. 24, va- 
rying amounts of an actin 
solution were added to a 
myosin solution and the activity was measured. The curve shows 
the quantity of actin plotted against the activity. In the exper- 
iment of Fig. 25, the relative 'quantities of actin and myosin 
were varied within wide limits. In the curve the activity was 





plotted against the actm-myosin ratio. It will be seen that the 
activity has a fairly sharp maximum at 170 %. At the beginning 
the curve is roughly linear and flattens as it approaches the 
maximum of activity. According to Straub, 2 mg of actin ac- 
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tivate 5 mg of myosin to the maximal 170 % activity. The 100 % 
active myosin B contains 1 part of actin to o parts of myosin. 

According to Balenovi(5 and Straub rnbhit’.s muscle contain.^ 
25—30 mg actin per g. If \vc compare the more probable higher 
value, 30 mg, with the myosin content of muscle (SO mg per g) 
we find that the relation is very close to 2 ; 5. iMu.scle contains 
thus maximally active actomyosin. 

Comparative studies. If we mince the muscle of different 
animals and extract it with 0.6 M KOI (3 ml per g muscle) under 
constant stirring and take samples from time to time and es- 
timate the quantity and the activity of the myosin, it will be 
found that the muscle of difiercnt mniuals and even the diffe- 
rent muscles of the same animal, give off their mvosin and actin 
with ease in different ivays. Such experimenfe have been under- 
taken by B. Guba whose results I will sum up by reproducing 
his curves (Fig. 26 — 29). 

The two first curves give the quantity of the extracted mvosin, 
the two last its activity. It will be seen that rabbit is an especiallv 
favouiable object for the preparation of myosin, since it gives 
off its myosin rather easily and retains its actin rather strongly. 

In fishes the actin is liberated readily and in 20 minutes a 120% 
active myosin is obtained. 
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The F-G transformation of actin in contraction. 

If to a strong KCl solution ATP, F-actin and myosin are 
added, a solution of dissociated actomyosin-ATP is obtained 
which contains the F-actin and the myosin-ATP side by side. 
If the substances are mixed in this order no chance is given 
for actomyosin-formation and contraction, and the resulting fluid 
has a strong DKF which corresponds to its actin-content. (The 
myosin does not contribute to the DRF, having none at higher 
KCl-concentration . ) 

If the same substances are mixed in a different order: if actin 
and myosin are put together, ATP and a little KCl are added, 
actomyosin will be formed which contracts. If the excess of KOI 
is added now, the actomyosin dissolves, and dissociates.. The 
fluid will show no DRF whatever. TJiat the actin was not des- 
troyed, only depolymerised to G-^actin, is shown by the fact that 
if time is given for the polymerisation, the F-actin is re-formed 
and the DRF appears. 

This experiment shows that F-actin is broken up during con- 
traction into G-actin. Contraction causes depolymerisation. 

It has been shown that salts, Avithout ATP, also cause a weak 
contraction and precipitation of actomyosin. Accordingly it is 
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found that if actomyosin is ])rccipitat(3d under the sole action 
of salts, it looses part of its DKF. (Actoniyosin in precipitated 
condition, naturally, shows no DJIF: it has to be dissolved to 
show DRF or the lack of it.) 


G-actoinyosin. 

G-actoniyosin has a low viscosity which erjuals that of free 
myosin. G-actomyosin is precipitated by .salts inucli in tlie same 
way as F-actomyosin. On addition of ATP it does not contract 
but dissociates. G-actin forms thus no fjomplex witli myosin-ATP 
at any salt-concentration. i^Iyosin greatly enliances the G — F 
transformation of G-actin. In presence of myosin G-actin will be 
polymerised in a few minutes time without atldition of salt. If a 
small amount (0.05 M) KOI is added the transformation takes 
place within seconds. In presence of high salt-concentrations 
(O.G M KCl) G-actomyosin is stable at 0” and myosin docs not 
catalyse its G — F transformation: liigh salt-concentrations inhibit 
this catalysis. 

That G-actomyosin is formed in jiresence of myo.sin, in spite 
of the unchanged viscosity, can be shown by adding F-aotin to 
the mixture of G-actin and myosin. There will be no rise of vis- 
cosity the myosin being occupied by the G-actin present (Stkauij 
116). In O.G M KOI at 0° G-act.omyo.sin develops no DKF though 
free G-actin Avould rapidly be polymerised at this salt concentra- 
tion; if ATP is added, the actoniyosin dissociates, the actin polv- 
merises and the DRF appears. 

In presence of ATP myosin does not catalyse the G — F trans- 
formation, because myosin-ATP docs not unite vith G-actin. K 
a small amount of salt is present, G-actin, under these conditions, 
will polymerise slowly spontaneously and the resulting F-actin 
will unite with the myosin-ATP to contracted F-actomvosin-ATP. 
If no Mg is present the polymerisation will be very slow and pre- 
cipitate will appear only after a longer period. 


Myosin B. 

If muscle is minced on the Latapie mincer, suspended in 
Weber s fluid^ (3 ml being taken per g of muscle), stirred for 

" This solution contains O.G 3[ KCl, 0.01 M Ka.CO, and 0.04 Jf KtiHCO,. 
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20 minutes and then centrifuged, the extract contains 15 — 20 mg 
of actomyosin of low {15—30 %) acti\dty and viscosity. This is 
what has been called “A-myosin” by Banga and the author. If 
this myosin is stored, its viscosity increases but slightly (owing to 
the decomposition of the ATP present). 

If, however, the muscle suspension is not centrifuged but 
stored at 0°, within 24 hours it changes into a thick mass, which 
rather crawls than flows, from which the muscle particles cannot 
he separated any more by centrifugation. If the suspension is 
diluted ■with Weber's fluid, centrifuged and the solution analysed, 
it will be found that the increased viscosity is not due to the 
greater concentration of myosin, but to the increase of its specific 
viscosity. If ATP is added now to tins myosin the viscosity drops 
to relatively low values. This drop of viscosity has been termed 
“activity”. The great number of our preparations always showed 
the same “activity”. This myosin was called “myosin B” and its 
acti\dty was termed “100 % activity”. 

Now we know that myosin B is an F-acto myosin containing 
1 part of actin to 5 parts of myosin. Myosin B has now no special 
importance but at the beginning of our experiment it gave the 
first basis for quantitative measurements. 

What happens in our. muscle suspension during extraction is 
the follo'wiug; the actomyosin of muscle is dissociated by the 
combined influence of the 0.6 M KGl and the ATP present, into 
actin and myosin. The myosin is extracted, taking a trace of 
actin with it. The bulk of actin is left behind in the muscle par- 
ticles. If the suspension is stored at 0°, the ATP present is split 
in about three hours time. Now the dissolved myosin recombines 
■\nth the actin and brings it into solution. Meanwhile also the 
binding of actin has been loosened up by the alkaline reaction. 
After the ATP has disappeared, the “activity” of the myosin 
begins to rise till it reaches 100 %, more and more actin being 
dissolved. If the suspension is stored longer, for several days, 
the activity begins to drop again, owing to the destruction of the 
actin which is rather sensitive to alkali. 

Why the activity never exceeds 100 %, though the muscle 
contains 170 % active actomyosin, was studied by BALENO’vid 
and Straub. The main reason is that 5 parts of myosin seem 
to be able to bind only 1 part of actin sufficiently strongly to 
bring it into solution. But it was also found that the alkabnity of 
Weber's fluid is sufficient to destroy actin. The structure-bound 
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actin is protected. Myosin also ])r()iects actin, a ])arts oi inyodn 
being capable of protecting 1 part of actin, 

Tlie myosin B can lie precipitated by neutralisation an<l dilu- 
tion. rt can bo rcdissolvcd in Wnnnn’s fluid and reprecipitatefl. 
Often it will be a great advantage to add some ATP whiidi « am» s 
superiwecipitation, makes the precipitate rougliflfK-cular and 
facilitates sc])aration. 

If we want to ^nill tbrends from our myosin B, ito ffdution 
sboxdd not be too dilute because then, the tbreud^ will bi^ loo 
fragile. In this case wc dilute the muscle .‘Jiispejision with ti.U M 
IvCl in the ])ro])ortiou of 100:80, and ermirifuge. If a irmr.* con- 
centrated myosin B .solution is wanted, the undiluted uiyodn B 
can be liquified by the addition of a .small nmotint of A'l'J’, quickly 
centrifuged and poured off. After the ATP is .sjdit, tiie liquid 
sets to a gel which liquifie.s on .^baking and cati be pulb-d into 
threads. Till ATP is pre.sent no threads c.an in' pulled. 

In O.G M KOI myosin B gives a .sticky, viscous, i-rdlnidal sidu- 
tion. On dialysis it sets into a gel which, in the absence of ATP. 
does not dissolve in O.G d/ even in J.*' M Ktjl. 


Actomyosin tbrends. 

H. H. M'KBEn has shown (T-l) that a .surfiei--ntly strong ''myo- 
sin'' solution, if squirted in a thin jet into v.-ntcr, gel.-ttinises in 
the form of a thread. Such a thread is an elongated pieee «■! 
“myosin’’ gel. 

Actoinyo-sin threads arc a very favourable material for the 
study of many features of contraction. They are a eharming 
material too: their .special charm lies })artly in tlieir .superficial 
resemblance to the muscle fibre. 1’hey are le.ss suited for thf* 
study of the solvatising action of .salt or .VTP hecnti'-c unspccifin 
cohesive forces, developing in such a thread, inhibit dissolution. 
Diffusion also limits many reactions and conqdicates nmlters,. the 
diffusion of added substances into the thread as well as the dif- 
fusion of the splitting-products of ATP out of flm thread. 

Eesearch on threads was hitherto complicated by two circum- 
stances. The one was that actin was not known and consequcntlv 
undefined acto-myosins were used. Tlie other was tliat the de- 
naturing action of metals, pre.sent in common di.sfillcd water, 
was not recognised. The effect of metals on myo.sin i.s especialiv 
strong in the case of threads, great- volumes of water Ijcisig in 
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touch with a small quantity of the protein. Myosin binds heavy 
metals and is readily denatured by them. The properties of native 
and metal- denatured myosin threads are Avidely different. The 
latter can be stretched by 300 %, are elastic and their strength is 
considerable, comparable to that of muscle; they are enzymatic- 
ally inactive. Native myosin cannot be stretched more than a 
fcAV (10—15) percents and readily break showing hardly any re- 
sistance and split ATP. The research of Weber has been done 
on metal-denatured threads, while M. and A. Dubuisson and 
Dubuisson and Monnier worked with threads, denatured by 
drying. 

Such denatured threads may be a most valuable material in 
certain lines of research but Avill give no information about natiA^e 
myosin. 

The threads are pulled in dilute saline (0.05 M KOI), consist 
thus of salt-precipitated actomyosin. In salt-free Avater they loose 
their metal, swell and become unfit for AAmrk. 

If an actomyosin thread is suspended in a fresh, Avatery extract 
of muscle^ it contracts violently. AVithin half a minute it aauII be 
contracted to half, Avithin 2 — 3 minutes to Yo of its original length. 
At the same time the thread becomes proportionately thinner and 
becomes opaque. (Fig. 1.) 

If the extract Avas not fresh and time was given to the ATP 
to decompose, the extract aauH be found to be inactive; its full 
activity Avill be restored by adding a suitable amount of ATP. 
ATP, howeA’^er, if giA^en alone in pure Avater, is inactive. A violent 
contraction can be obtained if, along Asuth ATP, K (KGl) and 
(MgCb) are added in a concentration, corresponding to the 
concentration of these ions in the extract.^ This makes it evident 
that three substances of the extract were responsible for the con- 
traction: ATP, K and Mg. A solution, containing 0.15 % ATP, 
.0.05 M KOI, and 0.001 M MgClz aaIH act in the same Avay as the 
extract. 

The rate of the contraction of threads gives no idea about 
the rate of the elementary contraction process of micells, for the 
of con traction in threads is limited by the diffusion of the 


'■ The watery extract is prepared by suspending the freshly minced muscle in 
an equivalent volume of water, stirring it for five minutes and pressing it out 
through a cloth. If the suspended muscle is only squeezed out the next day an 
inactive extract is obtained. 

“ Sometimes the contraction is so violent that the interior .of the thread can- 
^ It and the outer layers break up like a crocodile-skin. Addition 

of a . drop of ■waterj’- muscle extract makes the contraction uniform. 
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reagents. In our experiments mostly threads of 0.2 mm diameter 
were used. Threads of half this diameter contract much faster. 
Threads of the dimension of the fibril must contract exceedingly 
fast. The rate of contraction can be sped uj) also by soaking the 
thread in the ATP-salt solution at 0°, at which temperature the 
thread does not contract. On bringing the thread to room-tem- 
perature a rapid contraction occurs. 



Fig. 30. Fig. 31. 

Contraction of myosin B threads in presence of 0.09 % ATP at varied KCl and 
jMgCl. concentration. Readings made 30 seconds (Fig. 30) and 5 minutes (Fig. 31) 
after the addition of the ATP. The thread was bathed for 5 minutes in the salt 
solution previous to the addition of ATP. 

The effect of salt-concentration on contraction can be studied 
with advantage on threads. The Fig. 30 and 31 (Erdo.s 114) show 
that the contraction of threads in MgCls alone is always sluggish 
and can greatly be sped up by small concentrations (0.01 ill) of 
KCl; also the contraction in (0.01 31) KOI is sluggish and can 
be sped up by small amounts (0.001 3£) of Mg. In CaOIz there is 
no contraction at all and GaClj (0.01 31) greatly slow down the 
KCl contraction. Small amounts of Mg (0.001 31), if added to the 
CaClg — ^KCl greatly speed up the contraction. These results agree 
with those obtained on suspensions. 

In absence of Mg actomyosin threads contract with ATP up 
to 0.3 31 KCl. At higher KCl concentrations the thread dis- 
solves. 0.001 3£ Mg brings the limit of dissolution down to 0.19 ilf 
KCl. In presence of Mg there is a narrow zone of KCl concentra- 
tions (0.19 0.23) in which the thread neither contracts nor dis- 
solves: is inactive. If the thread is soaked in such a KCl— Mg 
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mixture and ATP is added, there -will he no change. If we now 
add a small quantity of water the thread contracts, the KOI con- 
centration having been brought down- into the activity range 
(GERENDiS 113). 

Contraction is reversible. If, for instance, a myosin B thread 
is brought to contraction in a solution containing 0.15 % ATP, 
,0.01 M KOI and 0.002 Jf MgCh, it will suffice to raise the KCl 
concentration to 0.025 M to cause the thread swell rapidly to 
its original dimension. If the KCl concentration is decreased again 
to its original value the thread contracts again. As contraction is 
promoted by Mg, so is relaxation. In absence of Mg the swelling 
is poor. If the KCl concentration is raised without Mg, the thread 
rather dissolves than swells. 

Contracted threads can be made to relax also without ATP, 
but much higher salt concentrations and higher pH has to be 
used. It is immaterial in what way ive hydrate the actomyosin, 
the result will be the same, relaxed actomyosin, which shows 
that contraction is but shrinking and relaxation but swelling or 
dissolution. 

One would expect to be able to relax a contracted thread by sus- 
pending at, in absence of salts, in an ATP solution. This attempt was 
unsuccessful. The reason of the failure lies probably in diffusion, which 
makes that the K-phosphate, produced by the splitting of ATP, diffuses 
out slowly and acts as KCl. For the same reason strong ATP produce.s 
contraction without KCl. 

The salt-effects described are not specific. KCl can be replaced 
by other alkah metals (109) while Mg can be replaced by Co and 
Mn (GerexdXs 113). 

There is one striking difference between the contraction of 
threads and muscle. While the thread contracts isodimensionally, 
that is to say, becomes shorter and thinner on contraction, muscle 
contracts anisodimensionally and becomes shorter and thicker. 
The difference is due to the orientation of micels which are ar- 
ranged coaxially to the fibre in muscle. In the thread the micels 
are unoriented. There is only a very slight orientation, as indicated 
by the faint DR. (Accordingly also contraction, is not perfectly 
isodimensional either and the diminution of vddth lags somewhat 
behind the shortening). 

There is one simple method of arranging the micels in a thread 
coaxially to the thread: stretching. Unfortunately, native myosin 
cannot be stretched, while denatured myosin does not contract. 



GO 


A. SZEKT-GVORGVI. 


M. Gebekdas (113)j who studied this problein, found that one 
can sail through by farthj denaturing t)ie tlireacl. A partly de- 
natured thread can be stretched to some extent and will contract 
to some extent. Lighter metals, like Zn, arc the most suited. If 
the thread is bathed for 5 minutes in O.OOI M ZnSO,. then wa.s]ied 



Fig, 32. The relation of stretching and 
DR. The thread was treated with ZnSOj 
(Quoted from GmT.yDAS 113). 


out, it can be .stretched, in some 
case.s to 200 %, while the double 
refraction rise.s to It.C.IO”-* (Fig. 
32). If the thread is kept for ten 
minutes in this stretched condi- 
tion it sets and will not contract 
spontaneously any more. (At the 
beginning the stretching i.s clas- 
tic.) At 200 % stretching the 
orientation is far from maximal. 
The contraction too will be weak, 


no more than 40 % instead of GG %. All the same, both orien- 
tation and contraction will be .suiTicionlly strong to allow to 
study their effect. 

The experiments of Gekexi).\s show that tlie contraction of 
such a thread is anisodimensiona): the tliread becomes shorter 
and tliicker. To quote one example: while tlie thread became 30 % 
shorter it became 5u % thicker. At the same time its DK dis- 
appeared. Threads behave thus, in this re.spoct, analogon.sly to 
muscle, which, on contraction, becomes shorter and thicker and 
looses its DR. 

Threads, suspended in pure glycerol, become exton.siblc but 
their DR does not rise. Evidently the micels just sliiit along each 
other. Here again a compromise can he made. In 25 % glycerol 
the thread becomes stretcliable, the DR rises and the contraction 
becomes anisodimensioual. Here too DR is lost on contraction. 

The anisodiametral contraction of oriented actoniyosin threads 
jiroves that it is the actomyosin particles wliich change their 
shape in contraction, they become shorter and thicker. The Ihrceds 
contract because the ffiiceh contract. The loss of DR shows that 
they also bend or fold up. 

Threads contract most vigorously at pH 6.5 but the pH de- 
pendence is not very sharp. (Straub, oral comm.) The contraction 
has a rather flat pH optimum. 

Esjiecial interest is attached to the limit of the contraction. 
This is GG %. This value is very often reached but never exceeded. 
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(The fevr earlier readings of 70 % are undoubtedly due to method- 
ical error.) If the actomyosin content of such a thread is cal- 
culated, it -vrill be foimd to consist of about a 50 % of acto- 
juyosin and contains thus but 50 % of water. 96 out of the 98 % 
of the water, which made up the actonij’-osin-containing thread 
have been pressed out. Since there must be some intermicellar 
spaces left, wliich must be filled with water, we may conclude 
that actomyosin, frecipitated by sail and ATP, is completely de- 
hydrated.. 

T; Erdos (133) has studied the relation between contractibility 
and actin content. He found that threads of 40 — 170 % activity 
contract equally fast and strongl}'. Between 0 — 40 % activity, 
the contractibility is proportional to the myosin content. It is 
rather strildng that a thread of 40 % activity, containing 7.5 % 
actin, should still contract maximally. 

Threads, prepared from sjmthetic actomyosin or from myosin 
B, contract in the same way, except that the actomyosin threads 
do not contract with ADP, while myosin B threads do. The dif- 
ference is due to the absence of isomerase in actomyosin and its 
presence in myosin B. By adding a small quantity of watery 
muscle extract, the actomyosin threads can be made to react 
on ADP too. If the myosin B thread is washed with Mg-free KOI 
solution, it soon looses its reactivity towards ADP. This is not 
due to the removal of isomerase, which is strongly adsorbed, but 
to the removal of Mg. 

AMP has no marked influence on threads at all. 

Technical remarks. 

Threads. It is most convenient to work ndth a 1 — 2 % acto- 
niyosin solution, 0.5 — 0.6 M KOI being used as solvent. Threads, 
prepared from more dilute solutions, are too fragile, while those 
prepared from stronger solutions are less contractile. Solutions, 
stronger than 5 %, are too viscous. The solution should contain 
ho ATP, in the presence of which the actomyosin behaves as 
myosin. 

It was found to be the most convenient to work with threads 
of 2 — 3 mm length and 0.2 mm diameter. Thicker threads are too 
sluggish, thinner ones contract too fast, and have too strong a 
tendency to curl up before they contract. The threads were ob- 
served under the microscope, suspended in fluid on big hollow- 
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ground slides. Low power was used so that the whole length 
of the tliread was visible and was measured by an ocular-micro- 
meter. Care was taken to make readings only when the thread 
was lying horizontally, otherwise the parallaxe caused consider- 
able error. (The thread lies horizontally when its whole length is 

clearly visible without moving the mi- 
crometer screw.) The thread should 
swim or lie freely and .should not stick 
to the glass. 

The threads were transferred from 
one fluid into the other by means of 
a small home-made celluloid spatula 
(Fig. 33, left). Actomyosin does not 
stick to celluloid. The width of the 
spatula corresponded to the desired 
length of the thread. Tlie spatula 
^v'as pushed under the thread and 
lifted. By cutting along the sides, a piece of the desired length 
was obtained. 

For many purposes hand-made threads will do: the actomyosin 
solution is sucked up in a glass tube one end of which is pulled 
out to a capillary which constantly narrows towards the end. By 
breaking off more and more of the end an opening of the desired 
size can be produced. The wide end is armed with a rubber tube. 
By blowing into the tube we provide a constant outflow, while 
the capillary end is dipped into a 0.05 M KCl solution and the 
tube is moved by hand to the right and left. A wide and not too 
shallow basin should be used. 

The diameter of the thread depends on .the diameter of the 
opening of the capillary, the rate of outflow, the viscosity of the 
solution and the speed of motion. With some practice fairly 
uniform threads will be prepared. 

For comparative and quantitative studies such threads will 
not be sufficiently uiiiform. In this case the threads have to be 
pulled mechanically. An apparatus for this purpose was described 
by M. GerendXs (113) and 51. and A. Dubuissox. 

In the apparatus of GerendXs (Fig. 31) the capillary (K) is fixed, 
the basin (Gl) with the fluid (FI) is moved, being rotated by a motor 
(Em). The pressure is established by the rubber pump and stabilised 
by the rubber ball (B). The actom 3 'osin is placed into the container (Aji). 
Tu Dubxjisson’s apparatus the fluid is fixed and the capillaiv move.s. 
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No threads can be obtained by this method from myosin. A 
salt solution of myosin, if squirted into water, dissolves or floccu- 
lates. Threads can be prepared from myosin by dialysing the 
crystalline myosin. After the myosin has lost its metal it swells 
up to a gel. This gel, if squirted into 0. 02 ilf KOI, will form threads. 
Air-pressure is insufficient to press this gel through a capillary. 
It can be pressed out with a piston fitting into the wide part of 
the tube with capillary end. 

Difficulty ivill be experienced Avith puUing threads from acto- 
myosin Avith A'^ery low actin content. Neutralisation of the solution 
and low salt content may help. We may also use 25 % glycerol 
to pull the thread in. 

If we Avant to observe contraction, produced by the addition 
of ATP, care should be taken for its homogeneous distribution. 
For this reason the ATP, in our experiments, Avas squirted in from 
a micropipette, by bloAving into its rubber tube (Fig. 33). Mixing 
Avas completed by blowing on the surface of the fluid from the 
empty pipette. If the ATP reaches the thread from one side, this 
Avill curl up. 

Suspensions. A dilute actomyosin solution (0.01 %) is precipi- 
tated by salts and ATP. A more concentrated solution (O.I %) 
may react, according to conditions, Avith "superprecipitation” or 
contraction. If the actomyosin forms a homogeneous system then 
it Avdll react Avith contraction. If it is broken up to discontinuous 
flocculi, then the single flocculus will contract and Ave obtain 
superprecipitation. So if Ave want to observe superprecipitation 
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we should produce a discontinuous susj^ension, if we want to see 
contraction we must be careful not to break up the colloid. 

To give an example; let us start with 2 % actomyosin dissolved in 
0.5 M KCl. If we precipitate the actomyosin by diluting the solution 
and resuspend the precipitate, we will have a discontinuous suspension, 
consisting of flocculi. Addition of salt and ATP will make the precipita- 
tion more intense and the flocculi granular, thus cause superprccipita- 
tion. But if we add the ATP to the undiluted .salt solution of acto- 
myosin, this causes the dissociation of the protein and herewith a com- 
plete homogenisation. If water is now suddenly added in sufficient 
amount to bring the KCl concentration down to O.i M, the colloid 
forms a homogeneous solution and contracts. AnotliQr example; if we 
want to see contraction in a system, produced by mixing myosin, actin, 
salt and ATP, much will depend on the order, in which the single con- 
stituents are mixed. If myosin is' mixed first with salt, then actin and 
ATP are added, we 'will not see good contraction because the salt pre- 
cipitates the myosin and the actom)'osin formed will not be homo- 
geneous. If, however, after adding salt to myosin, we add the ATP, this 
dissolves the myosin-precipitate. If we now add the actin at the end 
and mix the fluid with one energetic shake, the sy.stem will contract. 

Observing contraction it is advisable not to take wide tubes 
and high columns of fluid because the cohesion of the colloid 
is small and might be insufficient to pull the big mass together 
against the resistance of the water, and the colloid will break up 
into flocculi. Tubes of 10 mm diameter are convenient. 

If we work with actomyosin prepared from actin and myosin 
and our problem is whether a certain salt- or ATP-concentration 
precipitates or dissolves the complex protein, we may proceed 
in two different ways. We may prepare the actomyosin suspen- 
sion and see, whether it dissolves, or we may add the salt and 
ATP to the actin (or myosin) and add the myosin (or actin) sub- 
sequently and see whether a precipitate will be formed or not. 
Theoretically both methods give identical results since all these 
reactions are reversible. The latter method, however, will often 
give more accurate results, because actomyosin, if kept in the 
gel form or in a precipitated condition, very quickly develops un- 
specific cohesive links which inhibit or prevent dissolution. 

A few words may also be said about the method of observing 
precipitation. It would seem most logical to use side ilhimination 
with a black background. This method, however, often gives 
paradoxical results and precipitate-formations goes hand in hand 
with decrease of luminosity. 
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Reliable results were obtained if the fluid was observed before 
a black background and illuminated from behind at a verj small 
angle. In order to convert this principle into a simple method, 
the test tubes were placed into a rvaterbath witli glass walls. On 
the backwaU a screen was fixed with black strips. The screen 
was illuminated from behind (Fig. 35). The strips represent the 



Fig. 33. 

black background, wliile the light falls in at a small angle from 
between the strips. Precipitate-formation makes the black strips 
gray or hazy. The ATP was introduced with a small glass spoon 
(Fig. 35). This spoon, if dipped quickly once or twice into the 
solution, pro\aded the necessary mixing. 

Suspensions are less suited for these studies of the kinetics of 
contraction than are threads. Contraction, in suspensions, has a 
latent period, which may last from 10 — 60 seconds. In thread, 
udth their closed packing, there is no such latency. Here contrac- 
tion is limited by diffusion. 


5 — 



PAHT IV 

Experiments on Muscle. 

Slices. 

We may ask how far the reported observations on myosin and 
actin have any hearing on the function of muscle. 

The experimental material presented suggests that muscular 
contraction is simply a reaction of tlie actomyosin miccl to the 
influence of salts and ATP. If this is true, then it does not matter 
how far we destroy the finer structure of tlie muscle, as long as 
we leave the actomyosin intact and add salts and ATP, the muscle 
has to contract. 

In order to test this point the broad and flat neck-muscle of 
the rabbit was cut nto strips. This muscle consists of sheets of 
parellel-running fibres; the strips Avere placed into distilled Avater 
and kept in the ice-box for 2 — 3 days during Avhich time the 
Avater Avas exchanged repeatedly. The muscle sloAvly contracted 
and was stretched out again to its original length till no more 
contraction occurred. Then the muscle was cut on the freezing 
microtome into slices about 0.1 mm thick, care being taken that 
the cut Avas parallel to its surface. The single slices consisted of 
one sheet of fibres running along their AA-hole length. The slices- 
Avere placed in distilled Avater.^ 

If such a slice is placed on a slide coA'ered Avith 0.05 M KCl, 
containing 0.001 31 MgCL and then a drop of 1 % ATP is added 
the slice contracts violently to about Vs — V® original length. 

The single fibres become shorter and thicker. This shoAA*s that 
destruction of the finer structure by freezing, thaAring and thor- 
oug h extr action, does not abolish the contractility. 

’ If the fresh, tinextrncted musclo is frozen, on thn'ving it contracts. 
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Fibres. 

T. Erdos (unpublished) has made minced muscle the object of 
his studies. The deep back-muscle of the rabbit was cut out as 
free of fasciae as possible and minced in the Latapie mincer. (This 
is a meat mincer with relatively small — 1mm — holes.) If a small 
quantity of the mince is suspended in distilled water and is ob- 
served under the microscope it will be foxmd to consist chiefly 
of isolated, uncontracted somewhat swollen muscle fibres. Only 
here and there does a fibre contract to a small extent. 

If, instead of distilled water, the muscle is suspended in 0.02 
KOI, the fibres contract energetically to Vs — of their original 
length. If the KOI concentration is varied, contraction is obtained 
up to 0.2 M. At higher concentration (0.25 M) there is no more 
contraction.^ The muscle fibres behave thus similarly to an acto- 
myosin thread. As will be remembered, actomyosin does not con- 
tract on addition of ATP in the absence of salts, it contracts in 
0.02 — 0.2 M KOI but does not do so in 0.25 M KOI. 

If the fibres are suspended in a great volume of distilled water, 
the salts and the ATP will be soon washed out and the fibres 
will contract in salt solution only on addition of ATP. This they 
will do even after days of storage in water. 

Eigor and contracture. 

It has been shown that at a given salt-concentration the phy- 
sical condition of actomyosin depends on the concentration of 
the ATP present. In the absence of ATP actomyosin is insoluble 
in KOI up to 0.4 M. If the actomyosin has gelatinised it is in- 
soluble even ml M KOI. It can be rendered soluble by the addi- 
tion of ATP. 

Uigor mortis. Erdos (132) studied the question whether the 
relaxed state of muscle is actually dependent on the ATP con- 
centration and whether there is any relation between the degree 
of relaxation (softness) of muscle and the ATP concentration. He 
compared hardness and ATP concentration of muscle after death. 

The results are summed up in his two figures, Eig. 36 and 37. 
In the first the degree of rigor and the ATP concentration of the 
muscle are compared. It will be seen that they are almost mirror 


‘ If ATP is added to the saline, the fibres contract up to 0.4 JlTKCl. The same is 
true for slices. Added ATP acts, for same reason, differently to the fibres’ oim ATP. 
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images ami run exactly aiitiimrallel. TJie second curve shows that 
paraUel with the dcvcloj)ment of rigor the actoniyosin becomes 
insoluble but can be rendered soluble again by the addition of 



Fig. 30. ATF content during development of rigor morti-i, in rnbhit mtiAclo. 
G Hnrdticss. 0 % == fresh muscle, 100 % -r- mnximnl rigor, 

O mg A'l’t’ per g of muscle. 



hours 

Fig. 37. Solubilitj' of myosin during the development of rigor mortis. 

• Jlyosin mg/nil extracted with 3 vols. of O.O M KCl. 

O Myosin mg/ml extracted with 3 vols. of O.G M KCl in presence of 0,3 % ATF. 

ATP. Rigor and insolubility are thus tbc different expressions oi 
consequences of one and the same condition, the lack of ATP. 

As is generally known^ the rigor relaxes after some time. Thi.s 
is shown by the declining end of the upper curve of Fig. 36 . The 
muscle relaxes and at the same time the myosin becomes soluble 
though there is no ATP. 

The explanation of this plienomenon is given by the analysis 
of the extracted actoniyosin. At the beginning of the experiment, 
before rigor sets in, actomyosin dissociates under influence of the 
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ATB: the myosin is extracted, while the actin is retained by the 
structure. At the end of the experiment, when the rigor ceases, 
actomyosin is extracted. This shows that the relaxation is due 
to the final disorganisation, the actin being released by the 
structure. 

Coniradures. A less close parallel can be expected between 
hardness of muscle and ATP concentration in other forms of con- 
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Fig. 38., ATP content and hardness of frog muscle, in different forms of 

contractures. 

O is the hardness of fre.sh muscle, -r -}- + -r -j- is the hardness of muscle in 
maximal rigor. 0 Fresh muscle. O Muscle 24 — 48 hours after decapitation. 
(At 18° — 20°. ) Electrically stimulated muscle, x Isolated gastrocnemius ex- 

posed to chloroform vapours for 12 mins, left leg resting, 0 stimulated leg 
of frog poisoned with monojodoacetate. 

The hardness was measured in si'm. The same muscles W'ere used for ATP 

determination. 

fracture. Contracture can be produced by very different -means, 
so for instance, by monojodoacetate, prolonged stimulation, cof- 
feine, chloroform-vapour. If the hardness of the resting muscle 
is measured, it will be found that contracture does not develop 
suddenly but that the hardness of the muscle increases gradually. 
Eedos has measured the ATP content of muscle and the solubility 
of myosin also in these conditions and found the same relation as 
in ngor mortis with the difference, that the results were more 
scattered (Fig. 38). 
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These experiments, put together, suggest that the ATF of 
muscle has a decisive influence on the physical state of the resting 
muscle and its actomyosin. The ATP is necessary for the relaxed 
state. The normal ATP level .seems to be necessary to hec}) the 
muscle in a fully relaxed state; as soon as the ATP content begins 
to drop, the hardness of the muscle increases. 

The experiments of Eruo.s .sugge.st thi.s further generalisation: 
if the ATP is decomposed in a muscle, vhich is not excitable 
any more, the insoluble, F-actomyosin gel is formed which makc.s 
the muscle stiff and hard (riffor mortis). In this state there is 
only a slight salt-contraction. If, however, the ATP is decomposed 
in a muscle which is still excitable, the muscle will be unable to 
relax and we shall obtain contracted actomyosin and herewith 
not rigor but contracture. /« vitro, under certain conditions (Tab, 
"STIII), decomposition of ATP entails contraction. 

As mentioned in the introduction to myosin, the 'jml mortem 
decrease of the solubility of myosin as well ns the increasing in- 
solubility after contraction under the influence of monojodo- 
acetate, have been noted and studicfl by other invc.stigator.s. 
The existence of actin and the action of ATP on actoinyositi, not 
being known, the result remained neces-sarily unexplained. 

The experiments reported afford an e.xplanation of the thera- 
peutic activity of ATP. The pathological conditions, in whicli 
favourable therapeutic effects were obtained with ATP, arc due 
to the spastic contraction of smooth muscle cells (angina })cctoris, 
certain vasospastic gangrenes and dysmenorrhea). The fact, that 
ATP causes relaxation indicates that the disturbance was due to 
the lack of this substance. 



PART V. 

Enzymic Functions. 

The ATP-ase action of myosin. 

Jacobsen (1), Barrenschen and Lang (2) demonstrated the 
existence of a phosphate-splitting enzyme in animal tissues which 
exhibited great substrate specificity towards ATP. This enzyme, 
called ATP-ase, liberates two inorganic phosphates from ATP 
thus forming AMP. Later T. Satoh (3) held the view that the 
(lephosphorylation of ATP is accomplished by two enzymes, one 
is a pyrophosphatase, producing ADP; the other is a phospho- 
monoesterase. One of them needs an activator while the other, 
working at pH 9.0, needs Mg ions. Lohmann (4) found that in 
washed crab’s muscle only one phosphate is split off from ATP. 
He found also that even in muscle tissues, in which the ATP is 
broken down to AMP, the washing of the muscle renders it in- 
capable of splitting more than one phosphate group, and that the 
addition of Mg restores the full activity. 

According to Engelhardt and Ljubimoava the phosphatase- 
action of muscle is due to myosin, which splits off one phosphate 
from ATP. The second phosphate is split off by a water-soluble 
enzyme.^ 

K. Laki (126) prepared fine suspensions of muscle, and found 
that the insoluble muscle particle in itself is only capable of 
splitting off one phosphate group from the ATP molecule. The 
splitting of a second phosphate group is due to the joint action 
of the insoluble muscle particle, a soluble protein and Mg ions. 

The enzymic activity of crystallised myosin was studied by I. 
Banga (135). She found that the first phosphate group of ATI’ 
Avas split off by twice recrystallised myosin Avith equal intensity 
as by earlie r impure preparations. 

* Q.tioti'd from Laki. 
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At the earlier stages of her research, when still ■working ^\itll 
impure and undefined actomyosins, I. Banga (110) found that 
the splitting of ATP by "myosin" depends on the presence of 
ions. All the salts tested: LiOl, NaCl, KOI, KHiCI, GaClj, MgClj, 
Cods, MnCh, ZnS()„ NiCls activated myosin, provided that they 
did not denature it as did AlCl, or CuClj. These experiments of 
Baxga were corroborated by D. XEKDifAM. 



log M Ka 

Fig. 39. Effect of KCl on tlie phosphntase activity of myn.sin and nctojuyo<.in. 
Formation of inorganic P determined by the method of Fiskk and SiTDit.lr.Ow. 
1 mg myosin or 1 mg mj-osin plus O.S mg nctin in 3 ml of water, .3. a mp ATI’ as 
neutral K salt. Incubation for min. nt 3S'. 

Points = myosin, circles — nctomyosin. 


Baxga repeated these experiments later with pure recryrstalliseil 
myosin (135, 136). She found that crystalline myosin is capable 
of splitting- off only one phosidiate from ATP. This function 
greatly depends on the presence of ions and is greatly activated 
by KCl. Very probably myosin is quite inactive in the entire 
absence of salts. Unfortunately this cannot be tested because 
ATP itself is a salt, if added at neutral reaction. At any rate the 
function is greatly accelerated by KCl with an optimum at 0.05 
^ 39). Myosin and actomyosin, as the Fig. shows, are ac- 

tivated in the same way. 
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In terms of metal-myosinate this means that free, negatively 
charged myosin is inactive. Only metal-myosinate is active. The 
maximum of activity is about 0.2 ilf KOI, Avhere myosin binds 
6 per unit-weight. 

Gads had an effect, similar to KOI. It greatly enhanced the 
activity of myosin and actom)’-osin (Fig. .40 — 41). 

We could expect Mg to do the .same as Ca. Bakga found that. 



Fig. 40. EEfect of CaClj on the phos- 
phatase activity of mj-osin in the pres- 
ence of 0.01 M KCl. Broken line = 
myosin, full line = actomyosin. Tlie 
straight lines indicate the phosphatase 
activity ■without CaCl.. 



Fig. 41. Effect of CaClj on the phos- 
phatase activity of myosin in the pres- 
ence of 0.1 M KCl. Broken line = 
myosin, full line = actomyosin. The 
straight lines indicate the phosphatase 
acti\-ity without CaCU. 


contrary to this expectation. Mg, even in very small concentra- 
tions, almost completely inhibited the enzymic activity of myosin 
and accelerated that of actomyosin (Fig. 42). Alkalimyosinates 
are thus active and so is Ca-myosinate; Mg-myosinate is com- 
pletely inactive. Actomyosin- Mg, on the other hand, is fuUy active. 

The action of Mg on actomyosin depended on the concentration 
of the KOI present. (Fig. 43—44.) At a lo'w KOI concentration 
(0.0 1 M) or in the absence of KCl, MgOla enhanced the activity, 
at a higher (0.1 M) KOI concentration Mg inhibited the activity. 
The explanation of this paradoxical behaviour is simple. In pre- 
sence of higher KOI concentrations actomyosin dissociates into 
actin and myosin and the activity of myosin is inhibited by the 
Mg. As ivill be noted on the curve, only high concentrations of 
Mg inhibit the action of actomyosin, which cause a dissociation 
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in presence of A'J'i'. CaCl, has the same action on myosin and 
actomyosin, thus its activity is independent of the KC! concentra- 
tion (Fig. 40, 41). 

The combined effect of Ca and Mg Avas found to be inlubitory 
in both cases, in the case of myosin as well ns in that of actfc 
inyo.sin. (Fig. 4.').) 


The ADP isoinorftse of Piingn. 

If actomyosin acts on ATi’. one ])hoHphate grouj) is split off 
and the reaction stops. If a small nmoimt of Avatery extract of 
muscle is added, the reaction goes on and more phosphate is 
liberated. The extract alone is inactive. 

If ADP, formed from AT? by the detachment of one idiosphate, 
is isolated and added to actomyosin, there will be no change. If 
together with actomyosin a small amount of watery muscle- 
extract is added, a second phosphate is split off. The question 
arises; what is the mechanism of the action of the watery muscle- 
extract? 

If the ADP was incubated for a .short time with watery muscle- 
extract, the protein destroyed and the mixture added to acto- 
myosin, again there was a further liberation of phosphate. Evi- 
dently, the Avatery extract did .something to the ADP Avhich made 
it reactive again. The most simple explanation A\-ould have been 
to ascribe this effect to Kai.ckar’b dismutase. This author de- 
scribed an enzyme AA'hich is capable of dismutating ADP into 
ATP and AMP. The experiments, hoAvoA'cr, .shoAved that di.s- 
mutation could not be responsible for the effect for there Acas no 
dismutation at all: there Avas no ATP formed since the reaction 
product Avas not attacked by pure myosin, only by actomyosin; 
there Avas no adenylic acid formed either since desamidasc caused 
no desamidation. Furthermore the splitting of the reaction-pro- 
duct shoAved quite different qualities as the splitting of ATP (.sec 
beloAv). Dismutation could thus be excluded. The most probable 
explanation seemed to be that the catalyst, present in the ex- 
tract, induced some intramolecular rearrangement AA’itlnn the 
ADP molecule. This conclusion avus sujiported by the colloidal 
reactions Avhich shoAved that the ADP causes contraction oni\' 
after having been acted upon by the watery extract. This sug- 
gested that under the influence of this extract the acthm pyro- 
phosphate configuration Avas rc.stored. For these reasons Bakga 
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Fig. 42. Effect of MgCl, on splitting 
of ATP by crystallised myosin, mg P 
split off at 38° in 6 min. from a mixture 
of 1 mg myosin, 0.1 JIf KCl, 3.C mg 
ATP, and varying concentrations of 
MfgCli. Total volume 3 ml. 



myosin, full line = actomyosin. The 
straight lines indicate the phosphatase 
. nctir-ity without MgCl,. 



Pig. 43. Effect of IVIgCli on the phos- 
phatase activity of myosin in the pres- 
ence of O.Oi ilf KCl. Broken line = 
myosin, full line = actomyosin. The 
straight lines indicate the phosphatase 
activity without MgCl,. 



Fig. 45. Effect of MgCl, on the phos- 
phatase activity of myosin and acto- 
myosin in presence of 0.01 31 CaCi, 
and 0.01 M KCl. Broken line == myo- 
sin, full line = actomyosin. The lines 
on the top give the phosphatase activity 
in absence of MgCl,. 


called the catalyst ADP-isomerase, and supposed that its action 
was to induce some intramolecular rearrangement and isomerise 
the ADP. 
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The isomerase was purified in the foliou'ing way; Preshly minced 
muscle of rabbit was suspended in O.i M KCl, l.'> ml being taken j)er 
g of the muscle. Two hours later the insoluble parts were removed by 
centrifugation. Ammonium sulfate was added to O.ti saturation and the 
precipitate discarded. The liquid was neutralised and ammonium sulfate 
added to 0.7 saturation. The resulting ijrecipitatc contained the ADP- 
isomerase. It was dissolved in 0. i M borate buffer of pll 8..'), dialy.'ed 
for 24 hours and the insoluble parts removed by centrifugation. The 
isomerase was absorbed to y Al(OH) 3 . From this solution the i.«omera,se 
precipitated between O.o— O.o saturation of ammonium-sulfate. 50 y 
of this protein in 3 ml activated the splitting of ADP by actornyosin.” 

The product was 50 times more active than the c.xtract, if calculated 
pro g protein. 

The activity of the isoniera.se depends on the pre.scnce of 3Ig. 
Traces of Mg are sufficient to activate the enzyme. Even as .small 
traces of Mg, as are retained after dialysis, are sufficient to cause 
activation. This explains the finding of Laki, according to which 
the splitting of the second phosphate by liis mu.scle preparation.s 
was inhibited by pjrropliosphate. In all probability thi.s effect of 
pyrophosphate was due to the binding of the traces of Mg, re- 
tained by the proteins, which can be removed by special methods 
only. 

The isomerase can be precipitated by trichloro-acctic acid with- 
out loss and can be heated to 100° in presence of 0.15 M HCl 
for ten minutes without loss of activity; it resemble.s Kalckap.'s 
dismutase in this respect. 

ADP I, ADP II and ADP HI. 

In her last, unpublished paper, Bakga showed that, according 
to conditions, three different ADP:s can be obtained from ATP 
under action of myosin. She called them ADP I, ADP II and 
ADP III. 

If myosin acts on ATP phosphate will be liberated. Baxg.a 
followed the rate of the phosphate liberation (Fig. 46 lower curve) 
and found that about half of one of the readily hydroly sable 
phosphate groups is split off very fast and then the reaction 
slows down to be completed only after a long period, 12 hours 
or so. By "completion” is meant the splitting off of the one of 
the two readily hydrolysable phosphates.^ 

f P'T Phosphate groups which can readily be Irydrolysed by .V HCl 

a lou . ine third phosphate group is stable and can be detached onlv bv protracted 
hydrolysis. ' ' ^ 
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If myosin acts in the presence of “isomerase”, the reaction goes 
on till about half of the second labile phosphate is split off, and 
slows down afterwards. ‘Tsomerase” is the enzyme preparation 
of Banga described in the previous chapter. Whether the cata- 
lyst, present in this preparation, which makes the second phos- 



phate, accessible, is the same as the one which acts on ADP, is 
left open. Both resist boiling in acid and can be precipitated in- 
active form by trichloroacetic acid. 

ADP I is obtained if myosin acts on ATP in the presence of 
“isomerase" and the mixture is incubated for a short period, 10 
minutes or so. ADP II is obtained if the same reaction is done in 
absence of isomerase. ADP III is obtained if myosin acts on ATP 
in the absence of isomerase and the mixture is incubated for a long 
period, say 12 hours. 

All the three substances have been isolated. The P ratio 
corresponded in all the three to ADP. There is, however, a dif- 
ference between the three in the behaviour of the phosphate 
groups. In ADP I only one phosphate group hydrolyses easily 
(7 minutes at 100° in N HGl), the second is hyirolysed only in 
120 minutes. In ADP III both phosphates hydrolyse easily, 
while ADP II shows an intermediate behaviour, its one phosphate 
hydrolysing readily, the second in 90 minutes. 

The three ADP;s react differently with isomerase and acto- 
myosin. The whole of the labile phosphate (half of the total P) 
of ADP I hydrolyses off readily. ADP III is not attacked by* 
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isomerase and actomyosin at all. ADP II shows an intermediate 
behaviour: half of its one labile phosphate O/i of the total phos- 
phate) is hydrolysed off. Tins admits the conclusion that ADP II 
is a mixture of ADP I and ADP III. 

As to the mechanism of the formation of the two different 
ADP:s it seems probable that ATP itself is not a homogeneous 
substance but is itself a mixture of two different substances, only 
one of which is attacked by myosin. If we suppose that there are 
two ATP:s, ATP I and ATP II, then one phosphate group of 
the one (ATP I) would have to be hydrolysed readily by myosin 
while the other (ATP II) would be hydrolysed only very .slowly. 
In this case ADP I would be the product of hydrolysis of ATP I 
and the action of "isomerase^' would be to convert ATP II into 
ATP I. A few observations indicate that ATP I corresponds to 
Lohmann’s formula of ATP, while ATP II, corresponds to Bar- 
renschek's formula. 

After this chapter had been written Baxga found in .several 
experiments that, contrary to the above experience, the whole 
of one phosphate of ATP was readily split off by myosin. The 
second phosphate was readily detached after addition of actin 
and isomerase. This newer experience, which is at variance with 
the older one, shows that there are still unknown factors. Whe- 
ther the cause of the variation of results was due to a difference 
of the myosin or of the ATP preparation, remains to be shoun. 


Adeiiosine'dipliosphntnse. 

I. Baxga observed that the isomerised ADP is not hydrolysed 
by myosin. A very slow reaction can bo obtained, vith a pH 
optimum at pH 7, in the presence of Ca. The hydrolysis of the 
isomerised ADP by myosin could be greatly speeded up by the 
addition of a third protein, extracted from acetone-dried muscle. 
All the properties of this third protein agree witli the properties 
of actin so that we can say that isomerised ADP can be attacked 
by actomyosin and not by myosin. 

The splitting of ATP and ADP by actomyosin depends in a 
different way on the IvCl concentration (Fig. 47). While the ATP 
splitting has a flat maximum, the hydrolysis of ADP is limited 
to a fairly narrow range of KCl concentrations. Above 0.1 3/ 
the reaction is greatly inhibited. The KOI, evidently, dissociate-s 
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the actomyosin (isoinerised ADP being present) into actin and 
myosin Avhich, in themselves, are both inactive. 

The pH optimum of the splitting of ADP by actomyosin was 
found to be 8.2. This reaction was inhibited by Ca ions and was 
enhanced by phosphate. Thus the phosphate, liberated by the 



Fig. 47. KfTi'ct of KOI ooiu’entmtioii «>ii .splitting of ATF iinil ADP. 100 % i.? 
tho maximal amount of P split off nntler optimal conditions. 

O — O — P liberated from ADP, • — • — P liberated from ATP, 

2 mg m 3 'ostn, 3 mg of K A'J’P or ADP, KCl of varying concentrations. 
Total volume 3 ml. Incubated for .7 min. at 38“. In the case of .ADP, isomeraso 
and third protein ■wore added, too. 


splitting of ATP, may catalyse the further splitting of the re- 
sulting ADP. 

In order to split off ])hosphatc from ADP, wo need thus three 
proteins: myosin, actin and isomerase. This three-protein system 
is activated by Mg. If the concentration of Mg is varied, a flat 
maximum is found at 0.001 M MgClj. On the other hand, as 
found by Laki and Banoa, the system can be inhibited by pyro- 
phosphate, which binds the Mg. The Mg, in this case, evidently 
acts on the isomerase. The activity of isomerase is accelerated by 
several hundred per cent. The activity of the three-protein 
system is activated at a lesser degree because the isomerisation is 
not the limiting factor of the reaction. 
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The ATP- creatine phosphoplierase. 

“It has been shown by K. Lohmanni that in muscle the easily 
hydi'olysable phosphate of ATP is taken over by creatine. In 
dialysed muscle-extract therefore the reaction taking place, cun 
be expressed by the equation: 

ATP + 2 creatine = adenylic acid -f 2 creatine-phosphoric acid. 

This reaction was investigated by H. Leumanx,^ -who demon- 
strated its reversibility, but the equilibrium constant K calculated 
for a trimolecular reaction was not constant." (Banga 131.) 

Banga showed, that this “reaction takes place in two distinct 
steps and that two different proteins are necessary for these 
reactions”. The first reaction is: 

ATP creatine = ADP -f creatine-phosphoric acid. 

The enzyme catalysing this reaction was called the ATP- 
creatine phosphopherase and was purified to a degree at which 
no secondary reactions occurred. If the kinetics of this reaction 
were examined at varied concentrations of the reactants, the 
equilibrium-constant, calculated for a bimolccnlar reaction, was 
found to be constant. (Tab, X.) 

Table X. 

Experiraentiil technique: 1 ml of vcronnl-ncctatc biifrcr solution of ]>II 8.55 -- 
0.1 ml = 60 y ATP-phospIiopIicrnse Vftr 3 ’ing quantities of ATI’ and of creatine. 
Volume: l.G ml Incubation at :-18', until state of equilibrium bad been reached. 


M creatine 

Jf A'l’P 

M B 

^ __ Cr.P.ADP 
ATP.Gr.' 

added 

added 

found 

0.02390 

0.00222 

0.00104 

0.040 

0.02390 

0.00444 

0.ooi,'.s 

0.O42 

0.02390 

0.00890 

0.00232 

0.038 

0.02390 

0.01331 

0.00292 


0.01030 

0.00230 

0.0007S 

O.ojo 

O.OliiOl 

0.0023C 

0.00090 

0.O3S 

0.02040 

0.0023G 

O.ooiot 

O.oin 

0.02.'.42 

0.00230 

O.ooios 

0.035, 


The second step of the reaction: 

ADP -p creatine = AMP -j- creatine-phosphoric acid. 

This step of the reaction is catalysed by a protein which was 
called the ADP-creatine phosphopherase (Banga 131). 

' K. Lohmann. Biochem. Z, 211, 264, 19.^4 
- H. Lehmakn. Biochem. Z. 2&1, 271, la.^.S. 
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1 y of the purified ATP-creatine phosphoplierase transferred 
at pH 8.55 in one nunute 2 y P from ATP on to creatine. If the 
MW of the enzyme would be 70,000 then one molecule of the 
enzyme would react upon 4,400 substrate molecules per minute. 



The pH dependence (borate buffer) is given in the curve of 
Pig. 48. The optimum lies at pH 9.05. 

Banga found that the value of the equilibrium-constant K 
depended to a great extent on the pH and reached its maximum 
at the pH optimum of the reaction (Tab. XI). On storage the 
pH optimum changed. 


Table XI. 


Experimental technique: 1 ml of .borate buffer solution of varying pH. 0.0195 
Af creatine, 0.00890 M ATP, 0.1 ml = 60 y of ATP-phosphopherase. Volume 
1.6 ml. Incubation at 38° until the state of equilibrium had been reached. 



Measured 

1 . T.- _ Cr.P.ADP 
ATP.Cr. 

pH 

31 creatine P 

7.50 

0.00059 

0.0023 

7.G0 

0.000S5 

0.0049 

7.80 

0.00172 

0.0239 

8.20 

0.00289 

0.0925 

8.50 

0.00383 

0.1910 

9.05 

0.00459 

0.3651 

9.50 

0.00344 

0.1382 

9.70 

0.00094 

0.0061 

As to details of standardisation and 
per (134). 

isolation see Banga^ pa- 


6—450474 




PART VI. 

Methods. 

The preparation and crystallisation of myosin. 

General remarls.^ Myosin crystallises as a K-complex at pH 
6.5, the isoelectric point of the myosin-K \shich is formed in the 
presence of 0.02—0.04 M KCL* The crystallisation is promoted 
by the coaxial orientation of the micels, which orientation can be 
produced by strong stirring. 

Myosin is very sensitive to the action of heavy metals: even as 
small quantities of Cu, as can be found in common distilled water, 
will suffice, under certain conditions, to denature it. For this 
reason, in all the work reported in this book, distilled water was 
used redistilled from glass vessels and only reagents of high 
purity were employed. Metal mincers, which give off metal 
easily, ■were discarded. 

Myosin aggregates, at neutral reaction, in the presence of KOI, 
it the concentration of the salt is lower than 0.4 31. So if we 
want to extract myosin, the final concentration of the salt-solu- 
tion should have at least this concentration. 

It will not be solely the solubility of myosin which decides 
the result of its extraction. The result depends on the interaction 
of actin, myosin, ATP, salts and other substances. Owing to the 
joint action of the salts, used for extraction, and the ATP pre- 
sent, the actomyosin of muscle is dissociated into actin and 
myosin; the actin is retained, the myosin is dissolved. In absence 
of ATP the insoluble actomyosin is formed. For this reason it 
is essential to use fresh muscle, rich in ATP and treat the muscle 

^ By this method recrystallised myosin -was prepared daily for a long time ns a 
routine by a technical assistant -with only exceptional failures. 

* Probably other alkali-metals behave aimilarlj' but have not been tested yet. 
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carefully, giving little chance for the sjDlitting of the ATP. The 
action of ATP is greatly enhanced also by the Mg and the iso- 
inerase present in muscle. 

This separation of actin and myosin, however, is not very 
sharp and along with myosin some actin is dissolved. The quan- 
tity of actin increases on prolonged extraction, but its dis- 
solution follows a different curve tlian that of myosin. The sub- 
sequent separation of this dissolved actin always entails a great 
loss of myosin. For this reason, if we want to prepare actin-free 
myosin, it is essential to start witli an extract as inactive as pos- 
sible. Higher pH increases the solubility of actin, lower pH de- 
creases the solubility of myosin. As shown by Guba and Straub 
(130) the optimal pH is G.a.* 

Actin is brought into solution in different muscles and m dif- 
ferent animal species with different ease (F. Guba 129). For the 
preparation of actin-free myosin an animal species has to be 
chosen in which myo.sin is dissolved easily and actin retained 
strongly. The striated muscle of the rabbit is an especially fav- 
ourable material. For this reason this material was used with 
preference and all the data in this book relate to it, if not expressly 
stated otherwise. 

Jlyosin is labile and sensitive to heat. So we liave to work 
fast and at a temperature ns low as possible. Unfortunately not 
all steps can be effected at 0° because actomyosin is not preci- 
pitated b}' ATP at this temperature. The actomyosin, precipi- 
tated b}' ATP at room temperature, dissolves even at 0°. So it is 
not possible to work throughout at this temperature. Fortunately 
ATP stabilises myosin against heat. This stabilising affect was 
noted by Enoei.hartjt and IjJubimowa, corraborated by J. 
Heedbam and his collaborators and 1). M. [N'eediiA-W. 

Myosin cannot be freed from actin by crystallisation since 
actomyosin behaves as an individual substance and even a 
2.5 % actomyosin can be crystallised as such (F. Guba, oral 
comm.). 

The principle of the method of preparation of myosin is the 
following: the muscle is extracted with the KCl-phosphate solu- 
tion of j)H 6.5 of Guba and Straub. The extract is diluted and 
the greatest part of the actin is precipitated by the ATP present 
in the form of 1.5 % actomyosin. 

* Since glycogen nlso prcoiRitatcs myosin, it is advisable to use rabbits which 
were fasting for X — 2 days. 
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The ionic strength, at this stage, corresponds to a O.i M im. At 
this salt concentration ATP precipitates a I..-- % actoniyosin. J hus one 
part of actin will take down 6G parts of rnyosin. (At Ingher salt con- 
centrations ATP precipitates more active actoinyosm, hut the preci- 
pitation is less complete: above O .2 M KGl no actomyosm is precipitated 
at all ) Only the excess of myosin is left in solution, winch the actm 
is unable to take down. Thus, if the primary e.vtract contains \.r> % 
actomyosin, no actin-free myosin can be olitained by the present method 
at all. '■ 

The myosin is brought to crystallisation by furtlier dilution.* 
In order to liberate it from the last traces of actin pre.sent and 
some inactive matter (glycogen?), it is dissolved in 0.04 M KCl 
at an alkaline reaction. After the insoluble matter has been se- 
parated the myosin is precipitated b}' neutralization. It separates 
in crystals and may be rccrystallised a second time by di.ssolving 
it in 0.6 M KCl and diluting the fluid to 0.04 M, 

Yield. Muscle contains 8 % myosin. About */s of thi.s quantity 
is extracted by the KCl-Phosphatc. Half of the extracted myo.sin 
is left behind in the fluid after the first precipitation. Another */. 
is lost on recrystallisation. About 10 % of the myo.sin, originally 
present in muscle, will be obtained in the final rccrystallised 
condition. 

The method of preparation. The animal i.s killed, quickly skinned, 
eviscerated and dipped into ice-water. After a few minutes 
the muscles are cut out and packed into ice. Then they are 
minced in a cooled meat mincer with holes of 2 mm diameter. 

Every 100 g of the minced muscle are suspended in 300 ml of 
an ice-cold solution containing 0.3 M KCl and 0.1."> 31 K-phos- 
phate of pH 6.5.= The muscle is extracted for ten minutes at 0° 
under constant stirring. Stirring by hand with a glass rod i.s 
convenient. (Too energetic mechanical stirring should be avoided.) 
Then the suspension is diluted with water of room temperature 
(22°), four volumes of water being used for everv volume of 
KGl-pliosphate. The suspension is rapidly strained through a 

extract has to be diluted to 0.01 ^f KCl concentration. If we start with 
1 1 KCl-phosphatc, the extract iias to be diluted to 12 1. Tins groat dilution entails 
a considerable loss in myosin. At 0.02 M KCl tho precipitation of nivosin i.s more 
coi^lete, but the higher dilution does not increase the yield. 

The most convenient method seems to be the clectrodiab-sis. With this method 
the extract, diluted to 5 1, could be brought dovTi to an ionic strength, corresponding 
to 0.02 JU KCl, without dilution. Unfortunately, owing to lack of apparatus, this 
method could not be tested. - o 1 1 

F^trni order to save water the musclo may be extracted with half tbi.s amount 

•^'^*‘Phosphate, containing the salts in 20 % higher concentration. For tho 
subsequent dilution 5 volumes of water have to be used instead of 4 vol. 
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cloth, the fluid gently stirred by a mechanical stirrer. After one 
or two hours a flocculent precipitate is suddenly formed. This 
happens because the ATP is split to such an extent, that instead 
of dissolution, it causes the actomyosin present to precipitate. If 
the precipitation takes place without stirring, a very fine colloidal 
precipitate is formed which cannot be separated on the centrifuge. 
If the stirring is too violent, the precipitate is disaggregated. 

The precipitate, thus formed, is separated by rapid centrifuga- 
tion at room temperature and the opalescent fluid is diluted with 
1.5 vols of ice-cold water. This water is run in slowly, in about 
10 minutes, under constant energetic stirring. The myosin sep- 
arates in the form of fine, needle-shaped crystals. 

The fluid is allowed to stand for an hour or two at 0° C, then 
decanted and the myosin separated on the centrifuge at 0°. 

The crystalline precipitate is washed by suspending it in 0.02 
M KOI and centrifuging it. 

The crystalline myosin precipitate is dissolved in a 0.02 M 
K2GO3 containing 0.01 % phenolphtalein. The carbonate solution 
is added till the fluid retains a faint rose colour (pH 8.3). Then 
we add, for every g of myosin present, 4 ml of 2 M KOI and dilute 
with water adding 50 ml for every ml of KOI solution used. This 
water is of room-temperature (20® C) and contains 0.001 % phe- 
nolphtalein and sufficient KjCOg to give it a faint rose colour. 
The water is added under strong stirring. A voluminous, loose 
precipitate is formed which is separated on the centrifuge. The 
faint rose coloured opalescent fluid is poured off and cooled. The 
precipitate is treated once more in the above way, i. e. if its colour 
has faded out, it is restored by adding K2CO3, then we add KOI 
and finally water, and centrifuge, the only difference being that 
this second time we add only half as much KCI and water as 
the first time. The precipitate is discarded and the fluids united. 
After this the preparation is continued at 0° G. 

The fluid is stirred energetically and 1 % acetic acid is run in 
very slowly till the fluid reached pH 7. The myosin precipitates 
in form of somewhat irregular needles which are separated on the 
centrifuge. 

The precipitate is dissolved by adding 2 M KGl to it in small 
quantities. The fluid is carefully homogenised after each addition. 
KGl is added till the concentration of the KGl reaches 0.6 M. 
Then we dilute further with 0. 6 M KGl till the fluid loses its very 
high viscosity and contains about 3 % myosin. 
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Tnc invosin solution is stiirod vsrv ouorgcticsllv sud wat^r is 
run in very concentration is brongM dotm to 

0.04 If. The addition of this amount of -water should take about 
one hour. The mvosin separates in the form of needle-shaped 
cr^’stals. This mvosin contains no actin or only traces of it (0 — 


The preparation of actin. 

Stbacb's method. The method of preparation of actin consists 
of five steps: mincing, extraction of myosin and soluble proteins, 
alkali-treatment, acetone-treatment, and extraction of actin. 

The muscles of the freshly killed rabbit are rapidly excised, 
cooled immediately by packing them into ice. Then thev are 
minced first by a cooled meat chopper (diameter of holes 2 m m ) 
and then by a cold Latapie mincer (diameter of holes 1 mm). 
300 ml of an alkaline XCl solution^ are added to every 100 g of 
the mince and stirred mechanically at 0° for 20 minutes. The 
mixture is then centrifuged and the supernatant fluid, which 
contains the greater part, of the myosin and some actin, is dis- 
carded. The residue is left to stand at 0° for 24 hours. At the 
end of this period it is weighed and mixed -vrith 5 volumes of its 
weight of distilled water of room temperature. After standing 
for 1 hour the mixture is centrifuged. The washing of the residue 
■^th distilled water is repeated -with the same amount of water 
as before, again standing for 1 hour. After this second washing 
the muscle residue is treated with 4 volumes of acetone of room 
temperature. After 20 minutes standing the acetone is removed 
by pressing it out through a cloth. The residue is now mixed 
"vith a fresh lot of acetone of the former volume) and left to 
stand again at room temperature for 20 minutes. The acetone is 
pressed out and the residue spread over filter paper and left 
to dry. 

The aceton-dried muscle powder (after 10 — 15 hours of drving) 
is extracted with 20 voltimes of GO.-free water of room tempera- 
ture. The muscle powder is mixed -vvith the water and left to 
stand for 10 — 15 minutes. At the end of this period the resulting 
pulp is poured into a Buchner funnel and the solution is sucked 


o pt^pared by mixing SOO ml O.t Jf potassium borate ifitb 200 ml of 

** XiiG potassium borate solntioa is made bv di£solviu<y 12.4; s boric 

acid in lOD ml Jf KOE. then makiag the solution up to‘l 1 trith dSt. crater. 
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off. It contains the actin in its inactive form. The protein con- 
tent varied betiveen 3 — 6 mg/ml. The purity of the actin in such 
a solution is mostly maximal (1.0) but rarely below 0.7.i If the 
purity of the preparation is not maximal it cannot be raised any 
further. The extract contains mostly about 5 mg actin per ml. 
The yield might be increased by stirring and a more thorough 
extraction of the dry muscle. Yet in such cases the resulting solu- 
tion will be opalescent, and the actin will become activated. 
Therefore higher yields have to be sacrificed for the advantage of 
obtaining inactive actin in clear solution. 

Modified method. The author, in collaboration with F. Guba, 
adjusted Straub’s method to the use of the muscle residue of 
myosin preparations. This modified method is not rnore involved 
than the original one. The yields are equal. 

The muscle is minced, extracted with acid KCl-phosphate, 
diluted, pressed out as described in the myosin preparation. The 
muscle-residue is weighed and suspended in 5 volumes of 0.4 % 
NaHOOj solution. The suspension is stirred for thirty minutes, 
then strained, the muscle pressed out and minced on a Latapie 
mincer. 2, 

Every 100 g of the mince are suspended in 100 ml of a solution 
containing 0.05 M NaHOOs and 0.05 31 NajCOj. The suspension 
is allowed to stand for ten minutes and then diluted with 10 
volumes of water, stirred for ten minutes and then centrifuged. 
The sediment is mixed with equal volumes of acetone, strained 
and gently pressed out. The residue is suspended in its equal 
volume of acetone, allowed to stand for ten minutes, strained 
and than pressed out. This acetone treatment is repeated once 
more, the muscle spread on filter paper and dried, and is ex- 
tracted as described in the first method.® 

F. Guba (oral comm.) simplified this method. In his modifica- 
tion the muscle, after treatment with HaHCO* is minced, as 
described before, and then it is put over night into the refrigerator 
— ' 12°. (The muscle may be kept here for any length of time). 
If thawed, treated with acetone, dried, ground and extracted, it 
will yield u p its actin as in the other methods. 

_ * Tho purity of actiu is marimal (1.0) if 1 mg of it gives, •with 5 mg pure myo- 
sm, a 100 % active aotomyosin. 

_ ’ If such a mincer is not a-vailablo repeated mincing on the ordinary mincer 
■with 2 mm holes may do. 

■ * extract should not colour phenolphthaloino. If it does so mincing was 
notfme enough and tho removal of alkaU was incomplete. Alkali destroys extracted 
actin. 
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Isoelectric 'prccipitol'ion. The prcpfiretion nifiy bo finishefl 
an isoelectric precipitation Avhicli allows to prepare solutions of 
high purity and high actin concentration. G-actin precipitates to 
a small volume, while F-actin gives very bulky precipitates. The 
solutions, obtained by the described methods, contains actin in 
its G-form. 

A pH 4.7 acetate buffer was prepared by mixing M Xa acetab*. 
and 31 acetic acid. The buffer wa.s cooled in ice. 5 ml of tlie ice- 
cold buffer were added to every 100 ml of the icc cooled extract 
under strong stirring (more buffer denature.s actin). The fluid 
w'as quickly centriftigcd in the cold. It needed only a very short 
spinning. The clear supernatant fluid was ])Oured off and the 
residue dissolved in a small quantity of 0.1 31 XajGOj. c.xces.s 
being avoided. A limpid .solution was obtained wfiich contaitted 
the actin jjartly in its G- and partly in its F-form. 

G-actin precipitates quantitatively if present in higher con- 
centration. From dihite solution the jmecijiifation i.s .«!uggish and 
incomplete. Actin, precipitated isoclectrically, showed maximal 
activity and could not be purified any further by other j)rocedures 
(alcohol precipitation, salting out), ft. behaved a.s a homogcneou.s 
substance and its total protein was precipitated by .small Cn-con- 
centrations. This makes it probable that such an actin <loes not 
contain any significant amount of im]>urjtif‘s. 

I)RF. 

Whether a substance ha.s a DRF or not is relative. iSo, for in- 
stance, benzol has, at very liigh velocity gradients, a I)RF. A 
slight anisodiametry is .sufficient to cause DRF under the.«e cir- 
cumstances. But even molccule.s, devoid of any such a.symmctrv 
may exhibit a DRF being deformed by liydrodynamic forces. In 
the problems discussed in this book, such .slight or enforced molec- 
ular asymmetries were of no avail. We were interested only in 
extreme dimensional asymmetries as exhibited bv the typically 
highly polymer fibrous colloid.s. Such particles are oriented even 
at very low velocity gradients and are not dc.soriented easily by 
thermal agitation. High velocity gradients are not onlv not needed 
but have to be avoided, or else we would not obtain an answer to 
our special question: whether a certain .sub.stance has a very high 
dimensional asymmetry or not. 

Thus by saying that a substance has a strong, a weak DRF or 
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has no DRF at all, ire mean only DRF to be observed by direct 
observation at loiv velocity gradients. Such observations do not 
necessitate any involved apparatus. 

The simplest method for the study of DBF consists of pouring 
the solution into a test tube and sucking it up and squirting 
it out vdth a pipette with a narrow end. The jet of fluid is observed 
between crossed FTicols. If .the solution shows a “weak” DRF, then 
the sides of the jet will show a faint luminosity. As the DRF in- 
creases, the light will become stronger, the lighting area bigger. 
In case of strong DRF the whole fluid will become luminous on 
agitation. In extreme cases the DRF will be permanent and per- 
sist even after we stopped stirring. Naturally, DRF depends on 
concentration and sufficiently strong solutions, say 0.2 %, should 
be employed. 

As polarisers and analysers the Zeiss-Bernauer filters were 
employed. They are cheap, easily mounted and have a wide field 
of vision. JI. Gerexdas (123) has described a simple arrangement. 
He also described a cuvette for the observation of the DRF. 

v, jMuralt and Edsall have described the method of quan- 
titative work. If completed with pliotoelectric registration their 
apparatus may give precise data. Till, however, we are in- 
formed about the relation of DRF and molecular structure, exact 
measurement will probably not give much new information. 

The estimation of myosin. 

Myosin can be estimated by gravimetry or by viscosimetry. It 
will depend on conditions which of the two methods is preferable. 
If we have a myosin solution, free of other proteins, then we 
can simply precipitate the protein and estimate its quantity 
graidmetricall}'. The most convenient precipitating agent is al- 
cohol. The solution is diluted till the KCl concentration falls be- 
low 0.2 31, an equal volume of alcohol is added and the mixture 
heated for ten minutes to 70°. The precipitate is centrifuged off 
and washed with 50 % alcohol and dried at 105°. If this is done 
in a weighed centrifuge-tube, quick and reliable results may be 
obtained. Trichloroacetic acid is not convenient as a precipitating 
agent because the precipitate encloses rather big quantities of it 
and washing entails loss. 

From a mixture of proteins myosin can be precipitated in the 
presence of small (0.1 31 KOI) salt concentrations isoelectrically 
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at pH 5.3, according to Balenovi(5 and Stkaub (117). Thi.s 
method can also be used for the estimation of actomyosin. 

Tlic quantity of myosin can also he estimated in the viseosi- 
meter. The viscosity of myosin depends on pH and saltconccntra- 
tion, so both must be well defined, Tlic viscosity can be evaluated 
by means of an empirical curve, like that of big. 5. This curve 
was obtained in O.G M KGl at pH 7, in presence of the veronal- 
acetate-KCl proposed by BAUF.xovid and STKAun (117). 

This solution is prepared in the following way: 21 ml of N IICI were 
added to 200 ml of the veronal-acetate mixture of Micjiaki.js. TJiis 
mixture was prepared from K- instead of Na-salts. To this rni.xturc 
were added 271 ml of 2 ..1/ KOI and the volume filh-d witli wat^'r to 
1 liter. The final K concejitration w.as O.c M. 

The solution should not contain more than 2 mg myosin per ml. 
It is the most convenient to work with quant itif.s of about 1 mg 
per ml. In all experiments the temperature was kept coast ant 
at 0°. Modified Ostwald vi.'5Cosi}neters were used, as specified 
by Straub (116).^ 

The estimation of the myosin anti nctin content of 
actomyosin. Activity. 

By "natural actomyosin” I .shall mean here the actomyo.«in 
extracted from muscle as such, as contrasted with the acto- 
rayosin prepared from myosin and nctin. If the natural acto- 
myosin is dissolved in O.G M KCl of pH 7 and 0.03.’> % ATP is 
added, the actomyosin dissociates. The viscosity will now be the 
vdscosity of myosin plus the vdsco.^ity of nctin. If we measure the 
viscosity before and after the addition of ATP, the difference w'ill 
be the "activity”. 

The activity of myosin B in its relation to concentration is 
given in Big. 49, quoted from Babi:kovi6 and Str.aub. 

If we call the activity of myosin B "100 % activity”, we tviay 
express the "activity” of any actomyosin numericaUv by com- 
paring it with the activity of myosin B. AYc ])rocced a.s follows: 
we estimate the activity of the unlaiown actomvosin (the dif- 
ference of specific viscosity before and after addition of ATP). 
Then Ave look up in the curve the quantitv of myosin B wliich 
gives the same specific vdscosity in presence of ATP, as the im- 

\ CapiUnrj- diameter O.OGO cm. length of capillarv 210 mm, diameter of the 
cylindrical reservoir tube 1.65 cm, amount of outOowing fluid 1.2— 1.7 ml. 
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known solution. Tlie activity of the unknown solution divided 
by the activity of this corresponding myosin B concentration, 
multiplied with 100 gives, what wc called the % activity. The 
relation of the actin content and % activity is given in Fig. GO. 



I'ig. r>o. 

quoted from Straug. Once we know the % activity, the actin 
content may be read from this curve. 

Only the F-actomyosin will answer these relations. The vi.s- 
cosity of G-actomyosiu is identical with the vipc<»sity of mvusin. 
One is not likely to meet G-actomyosin, exccjit under .special 
circumstances, because the G — V transformation of actin is 
greatly catalysed by myosin and thus G-actomyosin is quickly 
transformed into F-actomyosin. Only in presence of high salt 
concentrations is this catalysis inhibited and G-actomyosin 
stable. To enforce the G— -F transformation in this case we will 
have thus to lower the salt concentration or add ATP, in which 
latter case the actomyosin dissociates and the actin polymerises. 

Actomyosin, prepared from actin and myosin, differs from the 
natural one in two respects. While the latter shows a constant 
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;\ascosit 7 , the viscosit}’- of the former drops in time and has to be 
stabilised by Mg (0.0.0 1 M MgOlj). This actomyosin is also more 
thixotropic. 

If the actin-content of an extremely inactive actomyosin has 
to be estimated, the effect of actin on viscosity and thus the 
“activity” can be magnified by working, instead of at pH 7 
and 0.6 31 KCl, at a lower pH and lower KOI concentration (see 
Steaub 112). 


The estimation of actin. 

Ho chemical property of actin is known at present on which 
a method of determination could be based. The only basis of 
determination can thus be its special reaction with myosin which 
can be followed quantitatively in the viscosimeter. 

The quantity of actin in solution can be estimated in the fol- 
io-wing way: an actomyosin-solution as inactive as possible is 
prepared by extracting muscle for ten minutes with the acid KCl- 
phosphate mixtures. After the ATP present is decomposed,^ the % 
acticity and thus the actin-content are estimated. After the 
■addition of a certain amount of our actin solution, again the % 
acti-vity and the actin-content are estimated. The difference 
■will be equal to the added actin. 

Naturally, in this way only F-actin can be estimated. If we 
want to estimate the actin content of a solution of G-actin we 
have to activate it, by adding 0.001 31 Mg and 0.1 31 KOI and 
letting it stand at room temperature (22°) for a quarter of an 
hour. We can find the G- and F-actin content of a mixture of 
both substances by measuring the actin content before and after 
activation. 

If the actin content of muscle has to be estimated this can be 
done, according to BALENowd and Steaub (117), by estimating 
the maximum quantity of myosin which can be activated to 
100 % by a given amoimt of muscle, after this muscle has been 
suspended in this myosin solution for 24 hours. The muscle should 
be finely divided. We may also measure the extent to which a 
great excess of myosin is activated by a given amount of muscle. 
0-wing to the thixotropy and the instability, mentioned before, 
we must not employ pure myosin in these experiments, but an 
actomyosin of low activity, extracted from muscle. 


^ ATP is decomposed on storage over night at 0°. 
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If the actin-content of a solution is fairly high (0.2 % or more) 
and the actin is present as G-actin, then it can be precipitated 
isoelectrically at pH 4.7. From a more diluted solution precipita- 
tion will be incomplete and may be promoted by the addition of 
alcohol. The precipitation of F-actin at pH 4.7 can be promoted 
by a short strong shake which breaks up the thixotropic .structure. 
The precipitated actin can be washed with alcohol, dried and 
weighed. 

The preparation of AI)P. 

(Quoted from Itanga ItVu) 

‘100 mg crystalbsed myosin and 1,400 mg’ of ATP, in the 
form of neutral K salt, were dissolved in 300 ml 0.1 3/ KCl. 
Incubation at 38° until samples taken showed that one P had 
already been split off. The protein was then removed by adding 
30 ml of 20 % trichloroacetic acid. Tliercafter 3 g MgCl. were 
added and NHjOH until the solution began to turn red in pre.s- 
ence of phenolphtalein. TIic resulting mixture was stored over 
night at 0° during which period the inorganic P had separated 
quantitatively in the form of hIg(HH4)P04. In order to precipi- 
tate the neutral Ba salt of ADP, 3 g of BaGlj and 1/5 volume of 
alcohol were added to the liquid. The precipitate was washed 
first with 60 % alcohol, then with absolute alcohol and dried. 
The yield was 65 % of the theoretical value. 

In order to obtain the ADP free of Jig, the Ba salt was dis- 
solved in 5 % acetic acid and precipitated b}* Hg acetate. The 
salt was dissolved in 0.5 N HCl and the Hg removed ns HgS. 
HjS was removed by ventilation. By adding BaCI. and alcohol 
to the resulting liquid at neutral reaction, the -VDP was precipi- 
tated as Ba salt. 

Analysis of P; 100 mg Ba salt of ADP were dissolved in pre- 
sence of HGl in 8 ml of H.O and K;S04 was added (one molecule 
of K2SO4 to every molecule of Ba salt). Thereafter it was neutra- 
lised with KOH and the volume brought up to 10 ml with water 
and centrifuged. 0.1 ml of this solution contained 0.002 mg of 
inorganic P, 0.046 mg readily hydrolysable P and a total P of 
0.093 mg. The proportion of the readily hydrolysable P to the 
stable one was found to be 1 : 1." 

This method was worked out at a time when the existence of 
the three different ADP:s was not yet recognised. If we want to 
prepare ADP I we have to add isomerase, along with myosin, to 
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the ATP. The Ba salt of ADP I is very insoluble and will precipi- 
tate even without the addition of alcohol (Banga unpublished). 
Por the preparation of ADP II we do not add isomerase but stop 
the reaction when about 66 % of the first phosphate is Kberated. 
In order to obtain ADP III we incubate for 12 hours. The Ba 
salt of this ADP is relatively soluble and an excess of alcohol 
has to be added to precipitate it. 

Estimation of ATP. 

If the minced muscle is extracted for ten minutes with 0.6 M 
KCl and centrifuged, a fluid is obtained which contains about 
1 — 1.2 % of actomyosm with a 0.5 — 1 % actin content. If the 
extract is stored over m'ght at 0° the ATP is split. If the extract 
is diluted now with 4 vol. of water, ^ containing 0.001 M MgClo, 
a slightly turbid fluid is obtained which contains about 0.1 M 
KOI and the actomyosin in the form of a stable suspension. If 
ATP is added now, according to its concentration, a tiirbidity or 
a clearing up will be seen. 

If an unknown ATP solution is added to the extract and its 
effect is compared with the effect of a known ATP solution, 
conclusions can be drawn on the ATP content of the unknown 
solution, provided it did not materially change the salt concen- 
tration. 

ADP may be estimated in the presence of ATP by repeating 
this estimation in the absence and presence of isomerase. In this 
case, naturally, we have to work, with a pure, isomerase-free 
actomyosin, instead of a muscle extract. As isomerase we may 
use a watery extract of muscle, adding Mg in excess (0.002 M) 
to all tubes. 10 % watery extract added to the reaction-mixture 
will be sufficient to provide maximum isomerase effect. To remove 
salts the watery extract may be dialysed. 

This method may help to distinguish between ATP or ADP 
isomerase. We used this method where this had to be done. 
Otherwise we preferred to estimate the ATP chemically, estim- 
ating the quantity of free, labile and stable phosphate. 

The method may be used also for kinetic studies on the splitting 
of ATP (139). 


' The vrater should be added suddenly. If it is run in slowly the actomyosin 
flocculates. 



PART VII. 

Considerations. 

A meelianical model of contraction. 

Any mechanical model of muscular contraction, hitherto pro- 
posed, had to make clear: 

1. Why the DR is diminished or lost on contraction. 

2. Why the muscle becomes thicker -while becoming shorter. 

3. How it is that the muscle exerts its biggest force when 
stretched? 

4. Why body muscles are striated and why smooth muscle is 
not. 

The theories and models hitherto proposed answered only the 
one or the other of these questions, though a model or theory 
if it really meets facts, has to give a complete and coherent 
explanation of all properties. 

To the above demands we must add now the following: 

5. The model should explain why two linear colloids are nec- 
essary to make a contractile system. 

6. Why only the one of these two. colloids is made in such .a 
way that it is easily discharged, precipitated and dehydrated by 
ions, while the other is inactive? 

7. How can a highly contractile system, capable of extreme 
shrinking, arise from the union of two substances the one of which 
is inactive? 

8. Why is this latter, the inactive colloid, built in such a way 
that it is capable of existing in two forms, in a linear and a glob- 
ular form, which can easily be transformed into each other? 

9. ^Vhy only the linear form is capable of building a con- 
tractile system and not the globular one. 

10. Why at the end of contraction this colloid is found in the 
globular form. How is it broken up during contraction into 
globules? 
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11. ^^Tiy the two colloids are attached to each other in a loose 
dissociable form. 

12. How the contracted system yields a relaxed system on 
dissociation. 

13. How can the one of these substance catalyse the poly- 
merisation of the other? 

14. The shrinking of hydrophil colloids mostly consists of two 
parts: 1. the discharge of the colloid and subsequent loss of 
hydrate water. This part of the shrinking is not 
extensive, since the quantity of hydrate water 
is small, but it may take place very fast and 
involve big changes in free energy. 2. Removal 
of the intermicellar ivater. This part may be 
very extensive but entails no major changes in 
free energy and is useless as a source of work;, it 
is mostly rather slow. 

The contraction of actomyosin is fast and ex- 
tensive, and so is muscular contraction wliich can 
be looked upon as a one-dimensional shrinking. 

, A new model has to explain, how an- extensive 
shrinking can not only be fast but do work 
through its whole extent. 

The way to the establishment of a model, which answers all 
these questions, was opened by accidental observations made on 
actomyosin threads. If our actomyosin thread, suspended in 
saline is homogeneous and the ATP is added in such a way 
that it reaches the thread from all sides, then the thread simply 
contracts. But if the ATP is introduced on one side and reaches 
the thread asymmetrically, then the thread, before contracting, 
curls up, as shown in Fig. 51. This bending is causedrby the one- 
.sided shrinking of the thread. In the Fig. this shrinking side is 
marked with black. A simple geometrical consideration, will show 
that the thread has to curl up into a circle if one of its sides be- 
comes by TE • d shorter, d being the diameter of the thread. If 
we take, for instance, a thread, 100 long and 1 wide, this thread 
will curl up to a circle if one of its sides shrinks by three units. 
By this curling up the effective linear length has shortened by 2/3. 

It is immaterial what the cause of the asymmetry is. If the 
thread shrinks asymmetrically, it has to bend. If the threads are 
not prepared imder special precautions they very often have an 
asymmetry in their structure and bend or curl up on addition of 

1—460474 
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ATP; especially thin threads often do so. This bending of asym- 
metrically shrinking or expanding systems is also a very nn- 
pleasant.experience of every-day life being the cause of the bending 
of wooden boards. 

The actomyosin micel is such an asymmetrical system, of 
which only one half, the myosin, is capable of shrinking, being 
discharged by ions. Fig. 51 can be taken to represent the acto- 
myosin micel, the myosin moiety being marked vith black. (The 
really high degree of- asymmetry seems to be introduced into this 
system by the ATP). 

If the shrinking of the myosin moiety leads to a bending of 
the system, the bending of the system will lead to a stretching 
of the actin, wliich comes to lie on the outer circle, Actin thus 
has to resist bending, except if it is capable of breaking up, as 
shown in the Fig. 51. 

In this mechanism a slight shrinking of myosin will cause a 
bending and herewith an extensive shortening of the whole 
system. This mechanism is thus an amplifier, by which the first 
slight, but energetically important part of the shrinking is ampli- 
fied to a very extensive shortening. If our system consists of 
single actomyosin micels, distributed at random, then the con- 
traction of the system will be isodimensional and its maximum 
will be reached when the single micels have curled up to a circle 
and the whole system has shortened by -/g. -j, has been found 
in the experiment to be the limit of contraction of myosin threads, 
though this limit might have also a different explanation. 

If the myosin micels in the thread are oriented coaxially, then 
the thread must become not only shorter, but also wider on con- 
traction and has to loose its double refraction. 

According to this model the biggest force will be exerted at 
the beginning of the contraction, when the system is still unbent. 
At this stage much bending -will cause relatively little shortening, 
thus the product; way X force, will be the biggest. 

If the contracted actomyosin dissociates, the actin and myosin 
particles straighten out, A system, built of one rod (myosin) 
and globules (G-actin), will not bend, thus not contract. The 
rod may catalyse the polymerisation of the globules by binding 
them and bringing them this way into proximity. 
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Steric relations. The non-existence of cross striation. 

In the previous chapter a mechanical model of contraction 
has been developed, according to which the bending of the actin- 
invosin double-rod contributes to the shortening of the system 
and the active expulsion of intermicellar %vater. The question 
arises what is the actual structure and distribution of these rods 
in muscle. Sluscle has two properties which may help us in an- 
swering these questions: its close packing and its mechanical 
strength. 

The packing in the muscle-fibril is exceedingly close, indeed. 
Muscle contains about 8 % myosin and 3 % actin, both located 
in the fibril which occupies not more than about of the total 
volume of the muscle fibre. Accordingly the fibril contains 33 % 
actomyosin and no more than 67 % of water. A considerable 
part, at least the half of this water must be bound by the strongly 
hydrated proteins as hydrate-water. The volume relation of the 
hydrated protein to the intermicellar space is thus about : Vsj 
only Vs of the volume being occujiicd by water-filled intermicellar 
space. With such a close packing the particles must fit exceedingly 
well together. 

Muscle has a considerable mechanical strength: it resists 
stretching or tearing. This resistance is not very different in the 
resting and in the contracted muscle. It can be explained only 
by supposing that both, the myosin and actin contribute to it 
and form continuous systems. As will be showm later, acto- 
myosin in resting muscle is dissociated and we have actin and 
myosin side by side. If, all the same, muscle resists stretching, 
this can only be if actin and myosin form a continuous system in 
themselves and form a continuous actin- and myosin-system. 

The actin and myosin, however, cannot form very long straight 
rods, because such long, straight rods would need very much 
space for bending, which is not available in the closely packed 
fibril. There is only one. distribution wliich answers all require- 
ments: if the one of the two proteins forms a long rod or thread 
while the other is wound around it in a spiral. This structure would 
resemble a screw or rather a W'orm-gear and would, on contrac- 
tion, bend to something like a cork-screw. 

It has been shown that actin has a strong tendency to form 
long threads while myosin has a strong tendency for lateral as- 
sociation. It has also been shown that, in muscle, actin binds its 
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multiple weight of myosin. This makes it probable that actiii 
actually forms long threads in muscle and that, if actomyosin is 
formed, the elongated myosin-particles are attached to the actin 





Fig. 62. Where the myosin stands to the right or left, its DR wll add up with 
that of the aotin, while at 90° to this the DR-s will substract. If wo place a number 
of such models side by side in such a way- that the spirals of a cross section arc in 
the identical phase, the system will show a cross striation. (Fig. 52 B.) This cross 
striation, natually, will be an optical property only and the sj'stem having no 
segmental structure whatever. 


particle with their one end, stand radially and stick to the neigh- 
bouring myosin micels with their long side. 

If we assume that the muscle fibril is actually built of such 
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spirals we can make one more statement. Such a spiral structure 
is compatible with the close packing only if the screw-threads of 
the one spiral fit into the screw-groove of its neighbours. This 
would make that, in any cross section of the fibril all the spirals 
will be in an identical phase, that will say that all the myosin- 
spirals will stand at the same side of their actin-threads. 

Such an actin-myosin-spiral is found in the model of fig. 52 
A. On this model the continuous myosin-spiral is represented by 
single celluloid plates which can be looked upon as radial cross 
sections of the spiral. If we look at such a spiral from the side, 
its optical 2 >roperties change periodically as the myosin is winding 
around. 

On contraction these regularities are disturbed, the DE de- 
creases, the striation becomes narrower. The whole system be- 
comes shorter and wider and its contour-line must show a period- 
ic indentation with a maximum in Z. 

The properties of this system of spirals agree so closely with 
the properties of striated muscle that it becomes highly prob- 
able that the cross striation of body muscle is due to the spiral 
structure of the actin- myosin .system. This assumption is ac- 
cessible to experimental proof. If the cross striation of muscle 
is not due to a real segmentation but is only an optical property, 
then, on turning the muscle fibre or fibril round, the cross stria- 
tion has to shift, and has to shift. b)^ one period if the fibre is 
turned by 180°. 

51. Gerendas performed this experiment by drying a stretched 
frog-muscle, breaking it to pieces and sticking a fragment on a 
pin’s point and rotating the pin in the micromanipulator under 
the microscopy. He could see a shift but Avas unable to state the 
relation betAveen the extent of the shift and degree of turning. 

The author proceeded in the folloAA’ing Avay; 

The muscles of the insect Djjtiscus viargittalis were cut out, suspended 
in about 3 ml of 25 % glycerol, to AA'hich 1 small drop of saturated 
osmic acid and 2 — 3 glass pearls AA'cre added. The suspension was 
energetically shaken. After the muscles have fallen into fibrils, the 
mass Avas alloAA'ed to stand oA’^er night at 0° and then mixed AAith equal 
parts of 10 % gelatin. The gelatinous suspension Avas frozen on the 
freezing-microtome and cut into about O.olo mm thick slices. The 
slices Avere dissolved in 3 — 4 ml of 10 % gelatin of 37° and the solution 
kept at 37° and sucked into 15 cm long capillary glass tubes of 0.3 mm 
outer and less than O.i mm inner diameter. The tubes were allowed to 
cool in ice-AA'ater in vertical position. 
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Then the tubes were 'tixed on to a inieroscopic slide by Jueaus of 
two stripes of paiaffin-wax, as shown in Fig. 53. First a thin sheet of 
paraffin was put on by means of a brush. Tiien the wet tubes were 
placed on the slide and fixed in their po.sition by going over tliem rvitli 
the brush. Then the layer of paraffin was rendered thick by going over 
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it again and again with the brusij dipped in melted paraffin. Tiie jta- 
raffin serves not only to fi.x them, it servc.s also ns a perfectly fitting 
axle-bearing which allows to turn the tubes without shakitig. Since the 
shifts to be observed arc of the dimension of O.ooi nim, it is c«sontia| 
that there should be no shaking whatever. Tlie tul)e.s could be turned 
by means of a small glass rod stuck to the end of the capillary at 00' 
by means of sealing-wax. 

The middle-part of the tubes was covered with oil and a covcr-gIa\- 
and the microscopy focussed on the axis of the capillary. Then the 
capillary was drawn along the field of vi.sion. IVlmt one want.s to find 
is a short, straight piece of a fibril, which shows a strong cros.<istrinti(m 
and lies close to and parallel with the axis. 

Attempts to measure the shift of the Z-lincs relative to a fi.xed point 
were unsuccessful because the whole capillary often nmvo.s on turning 
to one side. The shift of the Z-lincs could be observed relative to tlu' 
end of the fibril. The striation, on turning, wn.s seen to move out of 
the fibril at one end and move mto the fibril on the other. The .rijift. 
observed on turning by 180°, wa.s equal to the length of one S‘' 2 ment. 
(Fig. 5f.) 



Fig. 54. Shift of Z-Iincs in n musile fibril of JPi/s.'ifCiit t>\ari}{naU» 
on rotating by 0% 45° and PO'* 


These experiments show that the Z-stripes and herewith cross- 
sfcriation are not conditioned by deferences in the edmposition 
of the substance of the fibril hut, ,aro exnre.ssion.s onh’ of pc- 
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riodically changing optical properties of a system of spirals. 
The fibril-fragments, derived from different muscles, were partly 
right-, partly left-spirals. 

Body muscle, with its rapid motion, must exert a big force 
within short periods of time. This makes close packing of the 
contractile substance necessary. This is not the case with the 
slowly working muscles of visceral organs. There is no need of 
such close packing and the spirals need not fit into each other, 
the spirals of one level will be in different phases and there will 
be no cross striation,^ 

One apparently serious objection may be raised against this 
theory of cross-striation: chemical analysis has shown that dif- 
ferent substances (K, ATP, glycogen) are unequally distributed 
between Q and I bands. K and glycogen are located in the Q 
band while ATP is found in bigger concentration in the I band 
(Caspersson and Tiiobell). If their chemical, composition is dif- 
ferent, the bands must exist indeed. On considering this evidence 
it iviil be found that all the three substances have been detected 
by means of optical method, partly under the microscope (K, gly- 
cogen), partly by the spectrophotometer (ATP). But if these 
substances are present in the intermicellar splits or are present 
absorbed on the micels and are studied by optical methods, then 
they uill show the same optical regularities as the micels themsel- 
ves and their unequal distribution might be an optical illusion as 
well. 

On closer consideration these chemical data rather support our 
theory. It has been found that all the three substances be- 
come evenly distributed between Q and J band on contraction, 
to return to their original place on relaxation. It is difficult to 
imagine a mechanism which "would 'effect such a change. The 
change is readily explained by our model, because on contraction, 
owing to the bending of the ac tin-myosin system, the regularity 
of arrangement of intermicellar splits is disturbed. The fact, that 
ATP w'as found in the I band, K and glycogen in the Q band, 
may be due not only to the difference in adsorption to myosin, 
but also to the difference of the optical methods employed. 


^ We can expect to find especially steep niyosin-screws {high 1/d relation of 
V- rod) and herewith ivide Qu and 1 bands in the muscle of animal species 
which only swim at a uniform low speed fwaterinsects), muscles of which are 
oudt to make rather extensive than intensive movements. 
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CoiKlitioiis in resting innscle. 

In order to understand muscular contraction, the transition 
from rest to activity, ve have to know the conditions in the 
resting muscle: we have to know in what state myosin and actin 
are present and what is their relation. To approach this problem 
we must consider the basic data about muscle and try to correlate 
them with our observations. 

The main morphological element of muscle is the contractile 
fibril which is suspended in the inlorfibrillary fluid. The physical 
properties of muscle depend in the first place on the state of 
these fibrils, and their changes, during contraction, must be due 
to changes in the fibril. 

The fibrils contain about 33 % actomyosin. A 3 % F-acto- 
myosin makes a fairly hard and elastic gel. A 33 % gel must be 
very hard. Resting muscle is soft. Kuhn'e's observation may be 
recalled; he saw a nematode walking at case through the fibrils 
of resting muscle. No nematode could walk at ease through a 33 % 
F-actomyosin gel. 

Resting muscle contains thus either F-actin and myosin side 
by side (dissociated actomyosin), or else it contains G*act-omyosin. 
It has been shown, however, that the G-actomyosin dis.sociates 
in presence of ATP at any salt concentration. ATP being present 
in muscle in rather high concentration. G-actomyosin has to 
dissociate. IVe are left thus with the sole possibility that resting 
muscle contains actin and myosin side by side and the question 
is whether the actin is present in its G- or F-form. 

Actin. It has been shown that F-actin is broken up to G-actin 
during contraction and dfily F-actin is contractile. The G-actin 
has to be polymerised ere a new contraction can occur and the 
problem is whether this polymerisation occurs immediately after 
contraction — in which case the resting muscle cont-ains F-actin 
— or at the beginning of the next contraction, in which case the 
resting muscle contains G-actin. The difference is rather important; 
should the resting muscle contain G-actin, then excitation would 
have to bring about its polymerisation, the polymerisation being 
followed by actomyosin-formation. If resting muscle contains F- 
actin, then, conditions evidently do not permit actomyosin- 
formation and the wave of excitation would have to bring about 
the change which conditions the union of actin and myosin. 

It has been shown by Straub that the polymerisation of 6- 
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actin depends, under certain conditions, on the balance of ions 
and it is believable that excitation brings about the ionic dis- 
turbance, necessary for the G — ^F-transformation. 

The evidence, however,’ obtained till present, is in favoitt of 
the view that actin is. polymerised immediately after contraction 
and resting muscle contains its actin in the F-form. At the- actin- 
concentration of muscle, in presence of the ions of muscle, actin 
polymerises spontaneously at a high rate, especially in the pres- 
ence of myosin. Moreover, at the end of contraction, the G-actin 
particles, originating from the breaking up of the F-actin, are 
in the right position for polymerisation. If actin were present 
in resting muscle in its G-form, then distilled water should ex- 
tract G-actin from minced and uncontracted muscle "and contrac- 
tion would have to start with a rise of DR, corresponding to the 
F-actin formation. No such rise has been observed and distilled 
water does not extract G-actin. Resting muscle has also a con- 
siderable mechanic strength; G-actin could not contribute to this. 

All e\ddence is thus in favour of the assumption that the actin, 
broken up during contraction, polymerises during relaxation and 
resting muscle contains F-actin. My further considerations wiU 
be based on this assumption, and on the following pages by 
“actin” F-actin and by “actomyosin” F-actomyosin will be meant. 

Actomyosin. Muscle, imder normal conditions, may exist in two 
different states: relaxed or contracted. In presence of ATP (nor- 
mal muscle contains ATP) a system of actin and myosin may 
exist in two states: dissociated or contracted. Evidently, resting 
muscle contains its actomyosin in the first, contracted muscle in 
the last form. 

Uncontracted and undissociated actomyosin is capable of 
existence only in absence of ATP. In ’muscle- it can thus occur 
only under conditions where the ATP is exhausted. Such a con- 
dition is found post mortem, when muscle may be found- in a 
third state: in rigor. Actomyosin, in presence of salts and in ab- 
sence of ATP, is stiff and slightly contracted. Accordingly muscle 
in rigor, mortis is stiff and slightly shortened. 

Myosin. The dispersity of myosin depends, at a given pH, on 
the salt-concentration. One may ask to what dispersity the salt- 
concentration of muscle corresponds. 

If muscle is heated rapidly till the proteins coagulate, a juice 
can be pressed out which contains most crystalloids of the muscle 
undiluted. The Salt^concentration in this juice is higher than..cor- 

l\~4n0474 
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responds to the cellular fluid of the living cell, the adsorbed ions 
having been liberated. 

If a myosin-thread is suspended in such a juice it docs not 
swell or dissolve, the myosin remains highly associated. The same 
is true for a solution containing 0.105 M K, O.OOG M Ca and 
0.012 ilf Mg as chlorides. According to DubuissoxN (17) this is 
the concentration of these cations in muscle, as calculated for 
77 % of water. 

In the muscle myosin must be present, thus, in a highly as- 
sociated condition. Dissociation of actomyosin will not mean 
disassociation or disorganisation; the structures, formed by the 
association of myosin, will not be touched by the di.ssociation of 
actomyosin, which means no more than that certain links within 
the structure have ceased to be. 

Metalmyosinate. At the high ATP-concentration of muscle 
(0.4 %, as calculated for 77 % of water), the zone of metal- 
saturation, in which myosin is capable pf forming actomyosin 
must be very narrow. Outside this zone the actomyosin will be 
dissociated. One may ask, whether it is dissociated because the 
metal-saturation is above or below the contracting level, whether, 
in muscle, myosin is over- or under-saturated .as regards contrac- 
tion. 

If the living frog’s leg is perfused with Ringer’s solution and 
the saline is suddenly replaced by distilled water, violent twitches 
occur which indicate that the myosin was oversaturated and 
the dilution has brought down the metal saturation to the con- 
tracting level. On the other hand Erdos showed that minced, 
fresh muscle does not contract in distilled water but it contracts 
in 0.02 M KOI, behavear thus as a salt-free actomyo.'^in-thread in 
presence of ATP. But such a minced muscle is no more irritable 
and the loss of irritability shows that profound changes have 
taken place. It is possible that the loss of irritability was due to 
the decrease in metal-binding and the consequent loss of over- 
saturation. 

Some, though inconclusive evidence may be obtained by 
testing the muscle-juice, prepared as described above. Acto- 
myosin threads, if put into this juice, contract. This result, how- 
ever, is only due to the slowness of diffusion. If the experiment 
is repeated in such a way that the thread is soaked with the juice 
at 0 (at 0 there is no contraction) and then brought to room 
temperature, it dissolves. If the juice is diluted vdth 30 % of 
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water it gives contraction only. The juice corresponds thus to 
dissociation but not far from the contracting level. The same is 
true for the salt-solution, mentioned above. 

Muscular contraction. 

■\¥hether over- or imder-saturated, the metal-saturation of 
myosin in resting muscle must be such as to exclude actomyosin- 
formation and excitation has to bring about the change which 
conditions it. It has been shown in this volume that very small 
changes in metal-saturation of myosin suffice to convert the 
dissociated system into a contracted one and viceversa. The loss 
or the gain of y, — 1 positive charge per myosiu-unit suffice to 
induce this change. Since Ca and Mg are bound strongly by 
myosin and are thus immobilised, it will be the K which will 
condition contraction or relaxation by its motion. 

It has been shown that the dissociation-curve of K-myosinate 
is rather flat below and steep above the isoelectric concentra- 
tion. This means that relatively great changes of the K-concen- 
tration are needed to increase, and relative small changes are 
needed to decrease the metal-saturation of myosin to the con- 
tracting level. So, for instance, to make myosin take up Ys 
from KGi below the isoelectric concentration, we have to raise 
the KOI concentration from 0.006 to 0.025 M, have thus to con- 
centrate the solution by 400 %. To make myosin give up one K 
above the isoelectric concentration, we have to lower the KOI 
concentration from 0.05 to 0.025 ilf, dilute thus our KOI solution 
by 100 % only. 

This difference in the K-dissociation below and above the 
isoelectric saturation is still increased by the presence of bivalent 
ions. It has been shown that in muscle, in all probability, myosin 
is brought to the isoelectric metal-saturation by the bivalent ions, 
Ca and Mg. The K will be used only to charge the myosin posi- 
tively, and this "with a rather steep curve, which means that small 
changes in K concentration 11011 suffice to bring about great 
changes in metal-saturation. According to the slope of this curve, 
dilution by 15 % will suffice to make one K come off. It has 
been shown in the experiment that, in presence of Mg and K, 
dilution by 10 % suffices to change complete dissociation of 
actomysoin into maximal contraction (Tab. VIII.) 

On the other hand myosin, in presence of Ga and Mg, does hot 
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bind any K below its isoelectric saturation. Tlius^ if niU'<clf: were 
meial-tindersaturaied, under normal conditions K could play no 
role in its contraction. 

All this makes it highly probable that myosin, in P-sting imrnih, 
does not unite with uctin because it is ovvir-charged with met?d, 
and excitation lias to bring about a loss of about 1 K p»*r myo'*in 
unit to make it react with actin. In thi.s stage the myo-dn h still 
positively charged and actornyo'-in formation is the union of 

positively and negatively charged part ielc«. ^^ 

If the K-actomyosinatc di“sociates K off, the ilird'-atton of 
K has to induce olectrostriction of water and li.Tf'wiih a volume, 
diminution of the .sptem. If every COO g of nm.sin gives uti one 
K this has to cause a volume diminution of 0.02r« cmrn pr g of 
muscle. It has been discovered by l*.nj>»T that mc'cnlar ron* 
traction is preceded by a volnme-tiiminution, vehicls, according 
to Ernst and Mdnozc (106), in a short t.-tanus, i*> f\Ji2 — ft.l emm 
per g of muscle. 

In what way the wave of excit.ntion causes dis,fiofiat!i>n, 
do not know. Tlic .«implost way to cause K-myo-inat'’ to give off 
metal is dilution, the sim]>iest way to make it tak*' metal tip 
again is concentrating the solution.* 

The very close packing in muscle c^eate^ spf'cinl conditions, 
A hydrated protein binds about its equal weight of watir. If the 
fibril contains 33 % of strongly hydrated nctin*myr.ojn and C7 % 
of water, then, at least half of thi« water ha« to be bound a*- 
hydrate water. This reduces the qu.nntity of fn^e wnt^^r to 33 
This means that intermiccllar sp.aces mint be very narrovc. Sine.*- 
the spaces cannot bo evenly distributed, at places tliere will he 
hardly any .space at all. The .strongly ns-ocinted myonn 
held together by cohesive links, cannot lay far apart anyway. 

It has been shown by B.t.NGA that the metal dissociistion curve 
of myosin i s the .same in the case of free and actinbound myosju. 

^ F. Gcca. ha? stArted oxpcrimrnts on th'- of c:i iho 

K-binding-capacity _ of myoiin. ifo tested chbroforn^ vap.'ur, nfkrr.Ain* 
(1 : 10,000), guanidine (1 : 1,000), cofioin^ 0 'I .0*0). quinin" (i ; cho'.tni* 

(1 : 1,000), and acetyl-choline (1 • 10.000 in pn‘»cnc<' of t : IO.(Xk) phy?c. 4 'tST 3 ir.''|. 
They ■«-oro inactive. The K-bindinr of nivo»rn, in prr^cncf of ATlh ho«'eV)»r, ■s'sk 
decreased fipecificnlly by ncetylchoUne in'the pACjuve rtgio.n (above 0 oji .Jf KCli. 
In this region the IC.binding van inc.Tased by ATP and deereaxc'i to thf* origin*.! 
level by 1 : 100,000 acetylcholine. Jn prcvencic of nhvroiiicjnine tbs'! cfTert wa* 
permanent, while in nb^enco of it the effect tested onh’ for n ehort time. iVobubiv 
it was the binding of ATP whieli was inhibited by the aeetylrhollr.e. It wtU 
remombored that at a certain lv*satnration the liecrer-'^e of the .\XP-e.rtie^'nt*ation 
also caiLsoB coutrattion' (Tab. VIII). These efreets demand n thotoush itv.dy. 
Unfortunately external conditions did not permit us to comiiletc thmn* exp*- riment's. 
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in presence or absence of ATP. Actin-bound myosin, in presence 
of ATP, means contracted myosin. In contraction, thus myosin 
does not give up its metal, it gives up its hydrate-water only. This 
hydrate-water must cause a relatively great dilution of the inter- 
ndceilar water and induce . herewith contraction of neighbouring 
micels. This way contraction may become self-propagating. It is 
believable that the loss of K ions or ATP molecules, displaced by 
acetylcholine or torn off by an electric field, start up this process.. 

To bring this system to relaxation the intermicellar water will 
have to be concentrated. This process may be equally auto- 
catalytic: a small local concentration may cause charging and 
hydration of the micel, which, in its turn, means further concen- 
tration. Thus, if these considerations are correct, the close packing 
must make the system highly metastable.^ 

According to this conception, the first change in muscular con- 
traction' would have to be a change in ionic distribution, a change 
which would have to declare itself in an electric potential and 
volume-contraction. The protein-structure, having lost metal ions, 
must be negatively charged relative to structures in rest. The 
next change would be actomyosin-formation which would have 
to cause a raise of pH. Banga has made the observation that 
actomyosin-formation, in presence of KOI, is accompained by an 
increase in pH. If a slightly alcaline actin and myosin-solution 
are mixed, both containing some phenolphthaleine, but not 
enough OH ions to colour it, on the places of contract the solution 
turns red. Muscular contraction is preceded by an increase of 
pH, due to a hitherto xmlcnown process (Dubuisson 14). 


The phosphatase-fTctiou of myosin. 


Banga has shown that twice recrystaUised myosin has the 
same enzymic activity as in pure myosin. This seems to prove 
defmitely that myosin is the enzyme. itself. What renders difficult 
the acceptance of this conclusion is the low enzymic activity of 
myosin. If compared to other enzymes myosin is at least ten 
imes more inactive; 10® g myosin split maximally 10 mols of 
ATP per second (139). 

This low.activity of myosin can easily be understood from the 


(irritability) if „„ 

'rith Ih. big volu™ of i“tSriU«V£! 
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point of view of physiology. Muscle, in monojodoacetic acid 
poisoning, is capable of about 70 full contractions. This means that 
the ATP present (0.3—0.35 %) can support as many contrac- 
tions and that in one contraction, on average, one myosin micel 
of 10® splits one molecule of ATP. The low enzymic activity suf- 
fices for this action. 

Difficulty arises if we consider the structure of myosin. The 
myosin micel is built of smaller globular units, probaWy of hlW 
70,000. If we consider myosin as consisting of particles of this 
size, then the “Wechselzahl” of these particles is at least one 
dimension too low if compared to other enzymes. Such an excep- 
tion is highly improbable. It is more probable that only one 
out of the ten of these particles is enzymatically active, thus 
one out of the ten is not myosin at aU, in stricto sensu, and 
the myosin micel is not a “substance” but a system, a higher 
organisation. 

If our picture of the structure of the actin-myosin-spiral is 
correct, and the myosin-micels are attached to the actin thread 
by one end, then the narrow split between myosin and actin 
must be the seat of the most important changes. It is believable 
that the prosthetic enzymic group of the elongated myosin-micel 
is located at this end, adjoining actin. This is supported by the 
fact that resting muscle does not split ATP, its myosin being 
inhibited by Mg. The myosin becomes activated by the acto- 
myosin-formation; it seems logical that its prosthetic group should 
lie where the myosin micel comes in touch with the actin. 

The basic importance of ATP for contraction is beyond doubt. 
A high ATP-saturation of the myosin-micel is needed for con- 
traction as well as for relaxation. The functional unit of the 
muscle is thus not actomyosin, but its ATP-complex. It is also 
known that there is a narrow relation between the quantity of 
the ATP split and the tension developed by the contracting muscle, 
and in end ATP has to pay the energybill of contraction. But 
whether the splitting of ATP is actually involved in the mechanism 
of contraction, we do not know. The evidence is rather against this 
assumption. It has been shown that contraction and relaxation 
are but precipitation and dissociation. Association, dissociation 
and precipitation are common experiences of colloidal chemistry 
and. do not necessarily involve enzjrmic functions. It has also been 
shown that dissociation does not involve splitting of ATP and 
contraction is a related phenomenon. 
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The close parallel between contracting effect and bydrolyse- 
ability of different ADP:s only shows that the same pyrophos- 
phate configuration conditions both qualities. It is quite believ- 
able that contraction (actomyosin-formation) in muscle is indu- 
ced by the dilution, relaxation (actomyosin-dissociation) by the 
concentration of the intermicellar fluid, by means of the conse- 
quent release or binding of K. Actomyosin-formation releases 
the myosin from its Mg-inhibition, and the contracting muscle 
begins to split ATP. It seems not impossible that it is the ATP- 
spbtting, the heat of which removes the water and concentrates 
the intermicellar fluid by means of the thermoosmotic effect of 
J. Ernst and Koczkas.^ 

The consequent dissociation of actomyosin brings the ATP- 
splitting to a standstill again. If this conception is correct, muscle 
works as a heat-engme.= 

Myosin and actomyosin still present a great number of most 
fascinating problems and “the problem of muscular contraction^^ 
is still unsolved. What emerges clearly from the mass of ob- 
servations is that the functional unit of the muscle is not acto- 
myosin but its ATP-complex, the unit of protein and nucleotide. 
There seems also no doubt that ions play a basic role in this 
function and determine the two basic conditions of living matter: 
rest and activity. Ions were the only powerful tools which life 
found in the ocean where it originated and it seems to be worldng 
with these tools up to the present day. 


^ z. f. Physik, 109, 625, 1938. 

= The energy of the splitting of ATP suffices to do the osmotic 'trork required. 
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I. Einleitung. 


Der Verknocherungsvorgang, sowie die im Zusammenhange 
mit demselben stehenden Ersclieinungen im Knochengewebe, 
stellen seit lange her den Gegenstand zahlreicher Untersuchungen 
dar. Mit dem Fortschritte der Vitaminforschung — insbesondere 
nach der Entdeckung des Vitamin D — ist diesem Problem ein 
stetig waclisendes Interesse zum Teil gekommen. Obgleich die Lite- 
ratur auf diesem Gebiete sehr umfangreich ist, sind bisher nur wenige 
Untersuchungen ausgefiihrt worden, die dem Zwecke dienten den 
Calcium- und Phospliormetabolismus in normalem Knochengewebe, 
so-vsie den Zusammenhang zwschen diesem Stoffwechsel und den 
verschiedenen die Ossifikation beeinflussenden Faktoren vermit- 
telst in ^^tro und auf rein chemischem Wege ausgefiihrter Versuche 
zu beleuchten. Es erschien demnach von Intresse dem genannten 
Problem ein naheres Studium von diesem Gesichtspunkte aus zu 
vidmen. 

Die vorliegende Arbeit wurde im Jahre 1940 begonnen und stebt 
eine Fortsetzung der in den Jahren 1936 — 1940 von v. Kraemer 
und Landtman unter der Leitung von Simola ausgefiihrten Unter- 
suchungsserie dar. 

Die Art dieser Arbeit lasst eine Einteilung der Untersuchungen 
in zwei Abteilungen als berechtigt erscheinen. In der ersten Abtei- 
lung isf die Aufmerksamkeit dem Studium des Calcium- und 
Phosphorstoffwechsels in normalem Knochengewebe gewidmet. 
Um einen so vollstandigen Einblick wie moglich in diese Frage 
zu gewinnen, wurde sow'ohl die Aufnahme, wie auch die Retention 
von Calcium und Phosphor im Knochengewebe beobachtet. Diese 
letztere Seite des Calcium- und Phosphormetabolismus ist, wie wich- 
tig und interessant sie auch erscheinen mag, bisher noch nicht 
naher untersucht worden. 
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Ausgehend von den Versuchen mit normalem Knochenge\vel)e 
wurde in dem nachfolgenden Teil der Arbeit die Wirkung von Vita- 
min D auf den genannten Stoffwechsel im Knocliengewebe nnlcr- 
sucht. Hierbei wurde das Problem von zwei Seiten beleuchtet, 
Zuerst wurde die Aufnahme und die Retention von Calcium und 
Phosphor im Knochengewebe nach Verabreichung grosser Mengen 
D-Vitamin an die Versuchstiere untersucht. Von dcrgleiclien, 
bei D-Hypervitaminose ausgefiihrten Unlersuchungen hat die 
Literatur bisher nichts zu berichten. 

Des weiteren \\airde der entsprechende Calcium- und Phosphor- 
Stoffwechsel bei D-Avitaminose studiert. Die bei diesen Unter- 
suchungen angewandten Tiere waren mit der rachitogenen Kost 
Me CoLLUMS aufgezogen. Diese erganzenden Versuche batten als 
ihren Zweek soweit -svie moglich festzustcllen, ob die rachitischen 
Veranderungen im Skelett zum Teil auf irgendcine Mindenvertig- 
keit in der Aufnahme und Retention von Calcium im Knochen- 
Gewebe im Vergleich mit normalen Verhaltnissen zuruckgefuhrt 
werden konnten. 

Ursprunglich hatte ich die Absicht bei diesen Untersuchungen 
mich der Einheit wegen nur von Ratten als Ticrmaterial zu bedie- 
nen. Da es sich jedoch unter den gegenwiirtig herrschenden Um- 
standen als schwer envies eine geniigende Menge dieser Tiere 
aufzutreibem musste das Tiermaterial mit Meerschweinchen und 
Kaninchen vervollstandigt werden. Einige der Versuchsserien sind 
deshalb verhaltnismassig kurz ausgefallen, jedoch konnten anderer- 
seits die jeweiligen Ergebnisse infolge eines solchen Verfahrens 
vielleicht eine mehr weitreichende Geltung haben. 

Ehe ich an einen Bericht fiber die Arbeitsmethode und die 
Ergebnisse der Versuche eingehe, erscheint es angebracht eine 
Zusammenfassung der wichtigsten Gesichtspunkte, von denen aus 
das Ossifikationsproblem, sowie der Wirkungsmechanismus des 
D-Vitamins in diesem System beurteilt werden, zu machen. Gleich- 
zeitig wird auch fiber die wichtigsten in vitro ausgeffihrten Ver- 
suche auf diesem Gebiete naherer Bericht erstattet. 



11. Literaturiibersicht. 

A. Die Chemie der Ossifikation. 

Die Histogenese der Knochenbildung ist genau untersucht und im 
grossen ganzen bekannt. Die bei der Knochenbildung vor sich gehenden 
biochemischen Prozesse dagegen, obgleich sie den Gegenstand mannig- 
facher Forschungen gebildet haben, haben sicb noch immer zum grossen Teil 
unserem Wjssen entzogen. Aufverschiedene, die Knochenbildung betreffende 
Fragen haben ■wir noch keine endgiiltige Anhvortgefunden, seies well unser 
Kenntnis von den Eigenschaften der Knochensalze nicht vollstandig ist, 
sei es infolge unserer ungenugenden Bekanntschaft mit dem Mechanismus 
der Aufspeicherung dieser Salze im Knochen. Die Wichligkeit, das Knochen- 
Gewebe als ein lebendes Organ, und nicht als eine nach seiner Bildung mehr 
Oder minder unveranderliche Masse zu betrachlen, ist in der letzten Zeit 
immer starker hervorgehoben worden. Seine Bedeutung als Mineral- 
speicher fiir den Korper neben seiner Funktion des Stiitzgewebes — der 
augenscheinlich wichtigsten Aufgabe der Knochen — darf keineswegs 
unterschatzt werden. Da etwa 99 % des Calciums und 65 % des Phos- 
phorvorrates des Korpers in den Knochen aufgelagert sind, versteht man 
im Kenntnis der diesen Stoffen bei den verschiedenen Funktionen des 
Korpers zukommenden Rolle, dass diese Bigenschaft der Knochen von 
weitlaufiger Bedeutung ist. Die Knochensubstanz gehort zu den lebenden 
Organen und befindet sich als ein solches in einem statigen Austausche 
mit dem Blute. Poucarb und RognE (1937) Kennzeichnen diesen Um- 
stand wie folgt: »La substance osseuse est un des materiaux les plus labiles 
de Torganismes. 

Die Knochensalze sind nicht nur auf die organische Matrix aufgelagert, 
sondern' auch auf dieselbe fixiert. Unter normalen Verhaltnissen wird 
der Stoffwechsel in dem ICnochengewebe durch ein harmonisches Zusam- 
mehspiel zwischen der Aufnahme, Fixierung und Abgabe der dasselbe 
bildenden Bestandsteile charakterisiert.' Sollte jedoch dieses Gleichgewicht, 
wie, z. B., bei kachektischen Zuslanden, Storungen erfahren, treten in dem 
Knochengewebe, gleich den iibrigen Organen, dystrophische Veranderun- 
gen auf, welche sich durch eine Demineralisierung aussern. Auch unter 
normalen Umstanden findet in den Knochen sowohl ein Aufbau, wie 
ein Niederbrechen statt. Die Demineralisierung der Knochensubstanz 
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wird auf zwei Weisen, namlicli durcli OsteoWasie und Oslcolyse physiolo- 
gisch emoglicht, von denen die erslore cin Ergebnis dor pbagocytaren 
Tatigkeil der Osteoklasten isl. Bei der Oslcolyse loscn die Beinsalze sich 
auf und wandern in die umgebenden Gcwcbc aus (Halisleresis), Das Fixie- 
ren von Knochensalzen an die Matrix, sowie das Abgebcn derselben stellt 
ein bisher in vielen Punktcn noch ungcklarles Problem dar. 

Wenn man von KnocbengCAYoben spricbt, isl man also so gul wic bercch- 
tigt von einem veranderlichen Organ zu reden. In diesem Lichlc sind auch 
die Schwierigkeiten der Beobacbtung und der Beurteilung der in der 
Ossifikation einbegriffenen Prozessc, sowie der versebiedenen Versuclis- 
Ergebnisse erklarlich. 

Bei der Beurteilung des anorganischen Stoffwechsels im Knoeben- 
Gewebe stellen sicb die folgcndcn hauptsacblicbcn Fragen auf: 

1) Von welcber Natur sind die Knocbensalze? 

2) In welcben Vereinigungen kommen die wiebtigsten anorganischen 
Komponenlc im Blutc vor? 

3) Wie isl der Aufnabmemecbanismus besebaffen und welclie Faktoren 
durften denselben bceinflussen? 


1 . Die Chemic des fciiigcn Knochcngavcbcs. 

Das eigentlicbe Knoebengewebe, abgeseben vom Mark, den Tserven und 
den Blutgcftlssen, bestcht aus ciner Grundsubslanz und aus in dieselbe 
eingebellelen Knocbenzellcn. Die Grundsubslanz entbiill zwei Haupl- 
bestandleile, nSmlich die organische Knoebenraatrix, sowie die Knochon- 
Salze, welcbe spalere die sogenannte Knoebenerde darslellcn. 

Der normale Knoeben, einsebliesslieb blark, entball rui\d 50 % Wasser, 
16 % Felt, 12 % organische Grundsubslanz, und 22 % Knoebenerde. Der 
Wasser- und Feltgeball scbwankl in gros.sem Massen in den versebiedenen 
Knochen eines und desselben Individuums, und hllngt ausserdem aucb vom 
Alter und dem Gescblecht ab (Hammett 1925). !Markfreie Knoebon cnl- 
hallen elwa 20 — ^25 % Wasser. 

Die Zusammensetzung der Trockensubslanz isl dagegen verhaltni.ss- 
massig konstant. Sie bestehl zu 30 — JO % aus organiseben Stoffen, von 
welcben 15 — 25 % Fell sind, und zu GO — 70 % aus anorganisebem Materi l. 

Organische Substanz. Die organische Knochenmatrix bcsloht liaupt- 
sachlich aus Ossein, welches mil Bindegewcbskollagen sehr nahe vem’andt 
isl, und ausserdem aus Ideineren Mengen Osseomukoid und Osscoalbumoid. 
In der letzten Zeit hat unter denim Knoebengewebe vorkommenden orga- 
nischen Bestandsteilen die Cilronensaure ein steigendes Interesse erweckl. 
Dickens (1941) hat z. B. gezeigt, dass die harte Knoebensubstanz elwa 
70 % der im Organismus befindlichen gesamten Cilronenslluremenge cnl- 
balt. Der Knoebenmark und der Knorpel haben dagegen nur einen verball- 
nismassig geringen Citronensauregehall aufzuweisen. Niciiolavsen und 
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Nordbo (1943) haben bei der Analyse friscber Knocbensubstanz von 
Ratten eine Citronensauremenge von bis 0.66 % gefunden. 

Anorganische Substanz. Die Knocbensalze legen sicb auf der kalkaffinen 
Knocbenmatrix ab. Auf welcbe Weise diese Vereinigung vor sicb gebt ist 
nicbt naber bekannt,aber man bat ofters die Auffassung ausgesprocben, 
dass es sicb bier um eine Adsorptionsbindung bandelt. Da die anorganische 
Substanz fur das Knochengewebe charakteristisch ist und funktionell den 
wichtigsten Teil desselben darstellt, ist sie seit der grundlegenden Unter- 
suchungen von Berzelius und Hoppe-Seyler der Gegenstand der meisten 
und eingebendsten Studien gewesen. 

Gabriel (1894) gibt die folgenden Werte bei der Analyse der Knocben- 
Asche verschiedener Tiere in % auf: 



Der Mensch 

Das Rindvieh 

Die Gans 

CaO 

51.31 

51.28 

51.01 

MgO 

0.77 

1.05 

1.27 

KjO 

0.32 

0.18 

0.19 

Na.O 

1.04 

1.09 

1.11 

Kristallwasser 

2.46 

2.33 

3.05 

P*0, 

36.65 

37.46 , 

38.19 

COj 

5.86 

5.06 

4.11 

Cl 

0.01 

0.04 

0.06 

Konslitutionswasser 

1.32 

1.37 

1.07 


99.74 

99.86 

100.06 


Andere Minerale, wie z. B. Fe, F und Pb, sind in nur unbedeutenden 
Mengen vorhanden. 

Auffallend sind die beinabe konstanten Werte der wicbtigsten anorga- 
niscben Komponenten Calcium und Phosphor in den Knochensubstanzen 
der A'erschiedenen Tierarten, welcbe Konstanz u. a. aucb von Morgulis 
und Janezek (1931) bestatigt worden ist. 

Wahrend im fertig ausgebildeten Knochen die Calcium- und Phospbor- 
Konzentration keinen nennenswerten Scbwankungen untenvorfen ist, ist 
dieses fur die Kohlensaure in der Knocbensubstanz nicbt zutreffend. 
Kramer und Shear (1929), wie aucb Logan (1935) haben beispielsweise 
bei der Untersuchung von »fresh bones gefunden, dass der Carbonatgehalt 
in den Knochen mit dem Alter zunimmt. Weder hat der Kohlensaure- 
Gehalt in den Knochen verschiedener Tierarten dieselben ziemlicb unver- 
anderlichen Werte wie Calcium und Phosphor aufzuweisen, sondern er 
scbeint in cinem grossen Ausmasse variieren zu konnen. 

?. Veiandei ungen in der Minei aiienzusammemeizung der 
Knochensubstanz. 

Wir wissen, dass die anorganische Zusammensetzung des Knochen- 
Gewefces nacb Beendigung der primaren Ossifikation nicbt unverandert ver- 
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bleibt. Diese »Mutabilitat!> ist fur das Knochengewebe kennzeichnend. 
Oben ist schon die Beobachtung, dass der Carbonalgehalt der Knochen- 
Substanz sich mit dem Alter erhohl, angefiihrt worden, Es ist jedoch nicht 
bekannt, ob dieses eine Folge der unmittelbaren Aufnahmc von Ca CO 3 
ist, Oder ob die Zunahme auf Veranderungcn in der anorganischen Mineral- 
Struktur des Knochengewebes zuriickzufiihren isl. Die erslerwahnte M 6 g- 
lichkeit wird jedoch von Policard und Roche (1937) als die wahrschein- 
lichste erachtet. Die Aufnahme von solchen Stoffen wie Pb, Ag, Fe, Ra 
u. s. w. ist von dem Gebiete der Berufskrankheiten her bekannt, vom 
Mechanismus dieser Fixierung hat man jedoch von biochemischem Gesichts- 
punkte aus kein naheres Kenntnis. Im Zusammenhange mit der Fossilisa- 
tion stehende Veranderungcn der Knochenmineralien sind u.a. von de Jong 
(1926) im Rbntgenspektrogramm beobachtcl worden, wobei cr das Vorkom* 
men verschiedener Stoffe, wie z. B. F, in rccht grossen IMengcn in der 
Knochensubstanz fossiler Tiere nachweisen konnte. In diesein Zusammen- 
hange diirfte man die Beobachtung erwahnen, dass Phosphor in den 
Knochen teihveise von seiner radioaktiven Isotope substituierf werden 
kann. Diese vor etwa 20 Jahrcn zuerst von Hevesv beobachtcte Erschei- 
nung ist spater von Cohn und Greenberg (1935, 1939) ausfiihrlich bc- 
schrieben worden. Bei der Verabreichung von radioaktivem Phosphor per os 
an Ratten wurde bei elektroskopischen Untersuchungen beobachtet, dass 
dieser Phosphor sich im Organismus ebenso wie seine normale Isotope ver- 
teilte, und zwar nahm bei diesen Experimenten von alien Organon das 
Knochengewebc die grbsste Menge radioaktiven Phosphors auf, welcher 
nachtraglich eliminiert und wieder von gewohnlichem Phosphor efsetzt 
vTirde. Diese Beobachtung ist vom osteogenetischen Gesichtspunkte aus 
insofern interessant, dass sie zeigt, dass die Komponenten der Knochen- 
Mineralien gegen andere so zu sagen ausgetauscht Averden kOnnen. 

3 . Calcium- und Phosphorverbindungen im Knochengewebc. 

Seit der Erfahrung, dass Calcium- und Phosphor den Hauptbestandteil 
der Mineralien in Knochen ausmachen, hat die Forschung sich mit der 
Frage beschaftigt, in Avelcher, oder in welchcn Vereinigungen diese Elemente 
im Knochengewebe A'orkommen. Besteht also uberhaupt eine ein spezi- 
fisches »Knochensalzi> darstellende Verbindung von Calcium und Phos- 
phor? Einige Beobachtungen deuten darauf liin, dass dieses moglich ist. 
Es ist namlich gezeigt worden, dass Calcium und Phosphor in den Knochen 
in einem beinalie konstanten, vom Entwicklungsstadium und dem ^line- 
raliengehalt in der Diat unabhangigen Verhaltnis vorkommen. (Holmes, 
PiGOTT und Campbell 1931). Auch bei Rachitis (Howland, JIariott und 
Kramer 1926) und bei D-Hypervitaminose (Kramer, Shear und 
McKenzie 1929) verbleibt dieses Verhaltnis ziemlich unverandert. In 
den Ergebnissen der obenerwahnten Forscher schwankt der Wert des 
Verhaltnisses vom rezidualen Calcium und Phosphor ZAAuschen 1.93 und 
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2.09. Diese relative Konslarz des Calcium- und Phosphorgelialtes im 
Kncchengewebe hat zu einer Anzahl von Vermulungen iiher die Ver- 
hindungen, welche diese Elemente miteinander in den Knochen bilden, 
Anlass gegeben. 

Sekunddres Calciumphosphat [CaHPOt). Die Theorie, dass CaHPOi 
eine Zwischenverbindung bei der Bildung von einem mehr basischen Cal- 
cium-Phosphatsalze ist, v’urde von Shear lind Kramer (1928) entwickelt, 
welche ihre Annahme auf die Beobachtung stiitzten, dass bei der Mischung 
von Ca und PO4 enthaltenden Losungen die initiale Fallung ofters CaHP04 
ist. Dieses Salz soil primar in den Knochen aufgenommen werden und 
sich also stets in denselben befinden, um nachtraglich in eine solidere Phase, 
deren Zusammensetzung sich Caj(P04), nahert, zu ubergehen, vielleicht 
durch die Wirkung eines Mechanismus, der in \'itro beim Schiitteln von 
CaHP04 in Carbonate oder Bicarbonate enthaltenden Losungen die Fal- 
lung A*on Ca3(P04)i A’eranlasst (Klement 1928). Shear und Kramer 
stutzen des weiteren ihre Theorie auf die Beobachtung, dass die Calcifi- 
cation, sei es in auvo Oder in vitro, nur in den Fallen nachgeuiesen werden 
konnte, wo das empirische lonprodukt {Ca++) x (HPOi”) im Blute oder 
in der Inkubationsflussigkeit bemerkbar grosser, ist als das Loslichkeits- 
Produkt von CaHP04. 

Tertidres Calciumphosphat [Ca3(P04)j]. Der Annahme, dass das haupt- 
sachlichste Knocliensalz aus einer Mischung von Ca3(P04)2 und CaCOs 
besteht, sind in der letzten Zeit Holt (1925), sowie Marek, Wellman und 
UrbAnyi (1935) beigetreten. Nach Holt diirften 85 % der anorganischen 
Knochen fraktion aus CajfPO,). und 14 % aus CaCOs bestehen. Nehmen 
wir an, dass im grossen ganzen alle Kohlensaure mit Calcium in der Form 
von CaCOj gebunden ist, und bringen Avir dieses durch Kohlensaure ge- 
bundenes Calcium vom gesamten Calcium in Abzug, so ist das Verhaltnis 
zwischen diesem sogenannten rezidualen Calcium und Phosphor in dem 
Knochengewebe, AA'ie bereits erwahnt, verhaltnismassig konstant. 
Ca3(P04)s, wo diese Zalil 1,94 ist, entspricht diesem Verhaltnis, was nach 
der Meinung von Howland, Mariott imd Kramer (1926) iiberaus zu 
Gunsten der Anwesenheit einer solchen Calcium-Phosphor- Verbindurg 
im Knochengewebe spricht. Von CaHP04 von einem schlussgultigen 
Knochensalz konnte dagegen nicht die Rede sein, da in demselben das 
Verhaltnis zwischen Calcium und Phosphor nur 1.29 ist. 

Es muss jedoch hervorgehoben werden, dass Ca3{P04)3 aus Knochen 
nicht isoliert AA'erden konnte, und dass dieses Salz als Mineral nicht bekannt 
ist (Taylor und Sheard 1929). Nach Daniel und Froligh (1930) ist 
Ca3(P04)« eine Verbindung, die, in Wasser gelost, in Apatit tibergeht. 

Apatit. Der nunmehr allgemein angenommenen Auffassung nach hat 
das Avichtigste endgiiltig ausgebildete Knochensalz die Struktur von Apatit. 
Man ist jedoch verschiedener Ansicht dariiber, ob man hier ifiit einem 
Carbonat- oder Hydroxylapatit zu tun hat. Diese zwei Auffassungen werden 
von einer dritten verglichen, nach welcher das vdchtigste Knochensalz aus 
einem multiplen Apatit bestehen soli. 
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Carhonatapatit [Ca,{PO,U • 3 CaCOJ. Dicsc Formcl fur Knodicnsalz 
wrde zuersl von Webneii (1907), (lessen Ansichl nach diese Verhindung 
das Mineral Podolit vorstelle, vorgeschlagen, und diese Annahme wurde von 
Gassmann (1910) unlersliilzt. Seine Tlieoric grtindel Gassmann auf die 
Beobachtung, dass beim Racliilis Calcium, Phosphor und Kolilenshure in den 
Knochen im Verhaltnis 10 Ca: 6 PO 4 : 1 CO, abnahmen, was fiir dasDasein 
dieses Komplexes sprechcn diirflc, dcnn nur eine so gelormte Verbindung 
konnte eine Reduktion dicser Stoffe in dem angefuhrten VcrhiSllnis 
ermoglichen. 

Die wichtigsten Argumenle zu Gunslcn der Apalil-Theorie sind in der 
lelzten Zeit von rontgenspektrographischen Unlcrsuchungen gegeben wor- 
den. So haben u. a. RosENBEnny, Hastings und Mouse (1931) gelundcn, 
dass Knochen im Ronfgenspektrogramm eine kristallinischo Slruktur 
aufweisen, die unvcrkennbar dicselbc wie die dem Apatit eigene isl. Emaillc 
weisl ebcnfalls dieselbe Slruktur auf. Gleichzeitig versuchlcn sic aiich in 
Beweis zu bringen, dass CaHP 04 und Ca 5 (P 04 ); in dem reifen Knochen 
im freien Zustande nichl vorkommen. Sie giiben fiir das Knochensalz die 
Formel n • CaCOj • nCa 3 (P 04 )j, wo n gleich 2 — 3 isl, wclchc Stniktur- 
Formel u. a. auch in Logan (1935) Sliilze gefunden hat. 

Hydroxylapatit [Ca^lPOt], • Ca[OH).]. Bci dor Analyse von Knochcn- 
Asche hat Gabriel (1894) einen Uberschuss ( 6 %) von Base den .SSurcequi- 
valenten gegeniiber festgestcllt und diese Beobachtung ^^•urde auch von 
Klement (1928) sowic von Morgulis und Janecek (1931) besUUigl. Logan 
(1935) hat ftfresh honeo auf anorganische Base, soude auf Phosphat und 
Carbonal untersucht und ebenfalls einen tjberschuss an Base gefunden. 
Klement, der in der letzlen Zeit die Hydroxylapalil-Stniklur verfochlen 
hat, vermutet, dass der grSsste Toil von Na, K und Mg in den Knochen an 
GOj gebunden ist. Sollte dieses der Fall sein, durfte dcr Ansichl von 
Klement nach ein allzu kleiner Teil der KohlensiUire tibrig bleibcn, um das 
Radikal CaCOj der Garbonatapatit-Formel bildcn zu konnen. Auf Grund 
von rontgenspektrographischen Untersuchungen kommen Trohel und 
Moller (1929) zur Schlussfolgerung, dass die Knochensubstanz das Dia- 
gramm von Hydroxylapatit ergiebt. 

Multipler Apatit [n. Coj {PO,)i • Cax.']. Eine der Sclwicrigkeilen, auf 
die man bei der genauen Rontgcnanalyse der Knoclicn stosst, hat ihren Grund 
in den kleinen Dimensionen, etwa l0-=> — 10"' cm, der ICrislalleleraente, 
welche die Reflexionslinien unscharf machen (Klement und TrQmel 
1932). De Jong (1926), sowie Taylor und Siieard (1929) haben demnach 
vorgeschlagen, dass die Knochensalzslruktur am besten durch die alige- 
meine Formel 3 Ca, (P 04 )s • Ca X. ausgedruckt werdcn durlle, worin X 
gewohnlich CO3, Fj, (OH),, O Oder SO4 isl, und in der an Sidle von Ca eine 
kleine Menge Mg eingeselztw'erden kann. Die typischen Jlincralien von die- 
sem Typus sind Dahlite und Fluorapalit. 

Huggins (1937) ist der Annalime, dass das hauptsacWichste Knochcn- 
Salz eine Mischung von Carbonat-und Hydroxylapatit enthalten durfte. 
GemSss Policard (1937) soil das Salz aus fixiertem Apatit und daruber 
hinaus aus einer veranderlichen Menge Ca, (P 04 )s beslehen. 
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4 . Calcium und Phosphor im Bliite. 

Die Ossifikation mrci dadurch ermoglicht, dass vom Blule und der 
Gewebelympha ^Bausteineo der Proteinstroma zugefiihrt werden. Von den 
Haupbestandteilen der KnocbensSlze werden Calcium und Phosphor in das 
Blut vorwiegend im alimenlaren Wege durch den Darm aufgenommen. 
Kohlensaure dagegen enlslelit vorzugs\veise als ein Produkt der Oxydation 
und ist also slets im Organismus vorhanden. 

Calcium im Blute. Dor normale Calciumgehall im Blulserum des 
Menschen ist, wie bekannl, ctwa 10—11 mg %. Rona und Takahashi 
(1011, 1913) haben als die erstcn cxperimenlelle Sicherheil dafilr erbracht, 
dass ein Teil des Serumkalkes eine -fiir Protein undurchdringliche Dialyse- 
Jlcmbrane nicht obne weiteres passioren kann, wogegen der Rest dieselbe 
durchdringt. Ihre Annabme, dass das nicht diffusible Calcium an Protein 
gebunden ist, hat spater allgemeine Bestatigung gewonnen. Diese Fraktion 
bildet annahcrnd die Halftc des Serumkalkes (Rona und Takaiiashi (1913) 
Schmidt und Greenberg 1935, Lebel 1939 u. a.). Die Ansichten betref- 
fend die Zusammonsetzung der diffusiblen Calcium-Fraktion sind jedoch 
noch immer getcilt, es wird jedoch allgemein angesehen, dass ein Teil dieser 
Fraktion aus ionisiertem Calcium, C++,bestcht. Bei der Bestimmung 
der Konzentration von Calcium in dem Dialysat ist man jedoch auf Schwie- 
rigkeiten gostossen. Allere, auf elektrochemische Beobachtungen gegriin- 
dete Untersuchungen ergabcn, was biologische Losungen betrifft, unsichere 
■Resulfate. 

McLean und Hastings (1934 — 35) sind in der letzten Zeit auf eine 
befriedigende Methode fiir die Bestimmung von Ca++ im Serum gekom- 
men. Untersuchungen ergaben, dass fiir die lonisierung des Calciums das 
Gleichgewicht zwischcn Calcium und Protein primUr bestimmend ist. Dieser 
Gleichgewichtszustand kann laut dem Grundsalze des Massenwirkungs- 
Gesetzes ausgedriickt werden, wobei die Proteinmolekiilen bei ihrerVereini- 
gung mit Calcium als divalcnte Anionen wirkon wtirden. 

Die empirische Formel = K — 10~=<“ hat me Lean 

(Ca Prot) 

und Hastings die Jloglichkoit gogeben Ca++ im Blutserum mit einer 
Sicherheil zu bestimmen, welche cbenso zuverlSssig ist wie die direkte 
Messung mit ihrer vorherigen nfrog heart# Methode. Me Lean und Has- 
tings haben gefunden, dass im normalem Serum die Konzentration des 
ionisierten Calciums 4.4 — 5.6 mg % ist, welche Beobachtungen’ neulich 
u. a. von Herlitz (1942) bestatigl worden sind. Durch Einsetzen der ana- 
lytischen Werte dcs totalen Calciums und des totalen Proteins in die obenan- 
geftihrte Formel, hat er einen Mittclwert von 5.25 mg % fiir .Ca++ im 
Serum normaler erwachsener Menschen crhalten. Gleichzeitig hat er beo- 
bachlet, dass die Konzentration von Ca++ im Serum mit dem Alter steigt, 
well Neugeborenen die niedrigsten Werte aufwicsen. 

Lebel (1939) hat auf Grund seiner Beobachtungen iiber die Lbslichkeit 
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des Calciumjodals den Gehalt von Ca++ im Serum von Monschen als 
5.4— 6.1 mg % bestimmt. 

Ein Teil der schon friiher ausgefulirten Unlcrsucliungen fiprichl jcdoch 
dafur, dass die diffusible Calciumfraktion dcs Serums noch cine weitere 
Komponente aufzmveisen hal, die von cincm Calciumkomplcx verlretcn 
werden diirfte. Klinke (1928) hat somil gcfundcn, dass dor Galciumgehalt 
im Serum beim Schuttcln mit verschicdenen positiven Adsorbenlien, wie 
z. B. CaalPO,)^ und Ba SO*, abnimmt, welcbe Beobachlung ffir das Vor- 
handensein einer negativ geladcncn Calciumverbindung sprecben durfte. 
Shear, Kramer und Resnikoff (1929), sowic v. BeznAk (1930) u. a. 
Sind der Ansicbl, dass in diescm Komplex das Calcium mil Citrat gc- 
bunden ist. Benjamin und Hess (1933), wclcbe die Mclbodik von Klinke 
entuickelt liaben, behauplen vier Calciumfraktioncn im Serum, zwei diffu- 
sible und ^^Yei nicbt diffusible, vcrmiltelst Adsorption und Ultratillrie- 
ning ausscbeiden zu konnen. Zwei Driltel dcs diffusiblen Calciums sollen 
aus einem adsorbierbaren Calcium-Phospbor-Komplex und der Rest aus 
ionisierlem Calcium beslchcn, Drei Vierlel dcs Calciums dor nicbt 
diffusiblen Calciumfraktion sollen an Protein gcbundcn sein, wogegen ein 
Viertel sich 'wohl adsorbiercn lasst, abcr nicbt ultrafillrierbar ist. Benjamin 
und Hess sagen, dass sic das Yorkonimen dcs Calcium-Pbospbor-Komplexcs 
aucb in anorganiscben Losungen baben nacbweisen kSnncn, und scbreiben 
demselben eine grosse Bedculung fur die Ossifikation zu. Sp’Atcrbin baben 
Duckworth und Godden (1936) abnlicbc Untersucbungen mit dor Barium- 
Sulpbat-Metbode ausgGfiibrl und sind zu Ergcbnisscn gckommon, wclclie 
diejenigen von Benjamin und Hess unterstiitzen. 

Das Vorkommen einer Calciumkomplexverbindung im Serumdialysat 
ist jedocb von verscbiedenen Forscbern, vie Laskowski (1933), Schmidt 
und Greenberg (1935) in ZAveifel gezogen worden. Die letzteren baben 
gefunden, dass positive Calciumionen unter gewissen Bedingungen von 
positiven Adsorbentien, wie z. B. Ba SO*, infolge von Veranderungen in 
deren Ladung adsorbiert werden konnen. Sic baben nilmlicb wabrgenom- 
men, dass die Ladung von Ba SO*, in der Anwescnbeit von Phospbat- oder 
Sulphat-Ionen sicb in negativer Ricbtung vcrandert. Diesen Forscbern 
nacb soil das Blut geniigend an Pbospbat entbalten, um eine Veranderung 
der Ladung von Ba SO* in negativer Ricbtung zu bowirken. 

Phosphor im Bluie. Wie bekannt, betragl der normale Gebalt von an- 
organischem Phosphor in der Blutplasma etwa 3—5 mg %. Keulicb baben 
Gobel und Janda (1942) Untersucbungen vorgenommen, welcbe darauf 
hindeuten, dass der ehemalig als eine anorganiscbe Fraktion angesebene 
Phosphor bis auf 70 % aus Kreatinpbosphorsaure bcstehe, und dass nur 
1-0 — 1-8 mg % des im Blute befindlicben Phosphors swahrer anorganischer 
Phosphors sei. Diese Beobacbtungcn, welcbe fiir Vollblut giiltig sind, 
diirften noch auf ihre Bestatigung durcb Hacbprufungen warten. 

Die gesamte anorganiscbe Phospborfraktion des Blutplasma ist tat- 
sachlich ultrafiltrierbar und diffusibel, wenn das Blut Calcium und Pbos- 
phat innerhalb normaler Grenzen enthalt (Logan 1940). Kach Benjamin 
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tind Hess- (1933) soli der anorganisclie Phosphor im Plasma in zwei Formen 
vorkommen, und zAvar enhveder in Verbindung mit Calcium, oder als 
ionisiertes Phosphat. In der Tat scheinen jedoch Calcium und Phosphor 
eine Ideine Menge nicht- dissoziierten Salzes bei einer niedrigeren Konzen- 
tration, als die, bei welcher Fallung stattfindet, zu bilden, jedoch ist diese 
Menge so klein, dass sie sich kaum mit den zu Gebot stehenden Methoden 
berechnen lasst (Logan *1940). Sollte dagegen die Konzentration von Cal- 
cium Oder Phosphor in der Blutplasma sich abnorm erhShen, -wird kolloi- 
dales Calciumphosphat gebildet (Laskowski 1933, Me Lean und Hin- 
Ricns 1938). 

5 . . Vber den Mechanismus der Aufnahme von Calcium und 
Phosphor in Knochengewebe. 

Obwohl der Mechanismus der Knochenbildung der Gegenstand einge- 
henden Studiums gewesen ist, hat er sich bisher unserem naheren Kenntnis 
entzogen. Wie entsteht denn die Fallung der Salze auf die organische 
Knochenmatrix und welche Faktoren konnten bei deren Aufnahme mit- 
virken? Bei der Beurteilung dieses Problems muss man mit dem Zusam- 
memvirken der Srtlichen, humoralen, zellularen und allgemeinwirkenden 
Systemfaktoren rechnen. Die Aufnahme der Knochensalze in die Matrix 
■dUrfte der aligemeinen Auffassung nach als vorzugsweise auf die folgenden 
2 wei Weisen ermSglicht vorgestellt werden kdnnen. 

1) Durch direkte Ausfallung in einem von Salzen iibersattigten Medium, 
•vvobei das Knochengewebe selbst cine verhaltnisraassig passive Rolle spieien 
-diirfte. 

2) Gemass der zweiten Theorie besasse die Matrix ein mehr oder minder 
.aktives Vermogen die fiir die Knochenbildung wichtigen Salze aufzunehmen 
und zu binden. 

Der erste ausfiihrliche experimentelle Beweis fiir das Bestehen eines 
■quantitativen Verhaltnisses zwnschen der Verknocherungsintensitat und 
der Konzentration des Calciums und Phosprohors im Serum jst in den zweien 
klassischen Arbciten von Howland und Kramer (1922) und Shipley, 
Kra.mer und Howland (192G) erbracht worden. Durch Inkubation des 
Knorpels rachitischer Ratten im Serum und in anorganischen LSsungen 
ahnlicher Zusammensetzung haben Howland und Kramer histologisch 
nachgewiesen, dass eine Calcification der Praparate statt fand. Das histo- 
logische Bild zeigte, dass die Verkalkung in vitro genau in ders'elben Weise 
vie in \ivo vor sich ging. Die Versuche wurden bei einer Temperatur von 
37 ° und einer Inkubationsdauer von 48 Stunden ausgefiihrt. Eine Vorbe- 
dingung der Calcification war, dass der Wert des Formelproduktes Ca x P 
■durchschnittlich 30 mg % ubersteigen musste. Diese Zahl entspricht im 
grossen ganzen dem Wert des Ldslichkeitsprodukts fur CaHPO, (Shear 
■und Kramer 1928). Spater konnten u. a. Robison Me Leod und Rosen- 
jieiM (1930) in vitro und Kramer, Shear und Siegel (1931) in vivo die 
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BeobaclUungen von Shipley besUUigcn, indpin fic bei ihron Versuchcn mil 
rachilischen Ratten eine Calcification dcs Knorpcls in den Fdllen, wo das 
Produkt Ca X P in Inkubationslosungen oder im Sentm 35—10 mg % 
unterstieg, histologisch nicht nacbweisen konnten. 

Holt, La Mere und Ciiown (1925) gabeii Anregung zu der Annahmo, 
dass Phospbal, Calcium und Carbonat sich in dem Plasma und in dor inter- 
stiliellen, die Knochenmatrix umspiilendcn Lymphe gewGhnliCh im t)ber- 
schuss befinden. Bei ihren Experimented baben sic wnhrgenorninen, dass 
das Loslicbkeitsprodukt (Ca+d-)’ x (PO =)= in dem Plasma Worto auf- 
zuweisen hatle, welche zeigten, dass das Plasma untcr normalen Verbrdl- 
nissen bis zu einem Wcrlc von 200 % mil Caj(P04). ttbersaitigt ware, 
was die Ausfallung des Salzes in die Matrix ermoglicbcn solle. 

Klement und IVeber (1911) liabcn neulich geltcnd gemaclit, da'^s das 
Serum gewohnlicb mil Hydroxylapatil ubersatiigl ist. Da dieses Salz 
nach denselben Forschern aucb den Haptbeslandteil der anorganisclien 
Knocliensubstanz ausmacht, durfle cine solche Dbersaltigung von grosser 
Bedeutung fur die Ossifikation sein. 

Die Hypothese, dass Calcium und Phosphor in norrnalem Plasma sich 
im Dberschuss befinden, ist jcdoch von einigen Forschern in Zweifel ge- 
zogen worden. Locax und Taylor {1937 — 38) baben dieses Problem 
dutch Prazipilationsversuchc unler Zusatz von Calciumchlorid zu ciner 
Phosphat enthaltenden Ldsung bei einem pH von 7.4 beleuchtet und als 
erstes Fallungsprodukl dabei Ca, (PO,)* erhaltcn. Es erwies sicli jedoch, 
dass das Loslichkeitsprodukt dieses Salzes in norrnalem Plasma mil dem 
lonenprodukte ubcreinslimmt, welches darauf deulet, dass das Plasma 
unter normalen Verhaltnissen mil Calcium und Phosphor nicht in dem Sinne 
fibersattigt sein durfte, dass cine spontane Fallung staltfinden konntc. 
Logan und Taylor meinen jcdoch, dass eine Cbersattigung des Plasma mil 
Salzen in dem Augenblicke, wo cs dicselben an die Matrix abgiebt, die 
Voraussetzung der Fallung sein muss. Wic komml denn eine solche 'Ober- 
sattigung zu stande? 

Urn dieses Problem zu vereinfachen, nimmt Rorison an, dass die 
Calzification dutch cine primare Fallung von GajfPOi). geiatigt 
wird, wobei die lonen P04=’ und Ca++ sich in der die Jlalrix um- 
spiilenden Lymphe befinden. Die Fallung solle auf Grund des Massen- 
wirkungsgeselzes vorsichgehen, welches fiir eine Tricalciumpho.sphal enl- 
haltende Losung dutch die Formel (Ca++)’ x (P04=)^ = Caj (PO,). — S 
= Loslichkeitsprodukt ausgedruckl worden kann. Das Loslichkcils- 
Produkt ist konstant bei konstanter Temperatur und konstanlem Druck, 
Eine Erhohung des Komponenten P04= oder Ca-r-r ruft zur Beibehal- 
lung des Gleichgewichtes eine Fallung von Ca, {P04)s hervor. Es fragt 
sich, auf welche Weise diese Erhohung der lonenkomponenten orzielt 
werden kann? Robison mil seinen Mitarbeitern Fell, Kay, Rosenhei.'i, 
Me Leod und Soames haben in den Jahren 1924 — 34 bei ihren Yersuchen 
in vitro diese Frage durch die Entdeckung der Phosphata.se-Enzyme in 
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balmbrechender Weise beleuchtet. Die Gnindziige dieser Experimente 
sind in Kvirze wie folgt: Dunne Scheiben des Epiphysenknorpels von 
Ratten, welche wahrend 3—4 Wochen auf rachitogener Kost gehalten 
worden waren, wurden in Calcium und Phosphor enlhaltende Salzlosungen 
eingetaucht. Nach einer Inkubationsdauer von 3 — 20 Stunden wurde 
die Calcification des Knorpels' einer histologischen Untersuchung un'ter- 
worfen. Die Grundldsung enthielt NaCl, NaHCOj, KCI und MgSO« in 
demselben Molarverhaltnis T,Vie in dem Blutplasma. Dieser Ldsung wm-den 
Calcium in der Form von CaCl*, anorganischer Phosphor als NaKHPO^, 
sowie organischer Phosphor in der Form von a- und /?-Glycerophosphat in 
variierenden Mengen (2 — 50 mg %) beigefugt. 

Diese Versuche zeigten die Bedeulung der Phosphorestern liir die 
Calcification, denn sje ergaben, dass bei der in mit anorganischen Knochen- 
Salzen tibersaltigten Inkubationslosungen vorsichgehenden Calcification 
eine Mineralisierung des Knorpels bei bedeutend niedrigeren Werten des 
Produkts Ca X P beobachtet werden konnte in dem Falle, wo Phosphor 
in organisch gcbundener Form vorlag. Robison ist der Annahme, dass die- 
Calcification des Knorpels durch Zusammenwirken zweier Faktoren 
hervorgerufen wird. Der eine derselben, der Phosphatasemechanis- 
mus setzt voraus, dass das Blut mit Calcium und Phosphor gewohnlich 
nicht tibersattigt ist, und dass eine Obersattigung — die theoretische Vor- 
bedingung fiir die Ausfallung dcr Knochensalze — durch ein »bone enzymen 
Phosphatase bewirkt wird, welches aus den Phosphorsaureestern, die vom 
Blute der Knochenmatrix zugefiihrt werden, Phosphat zu spalten vermag. 
»The second inorganic mechanism* tritt in Wirkung nur in mit Calcium und 
Phosphor iibersattigten LOsungen und ermdglicht die Aufnahme dieser 
Stoffe in die Knochen. Nach Robison sind diese beiden Mechanismen im 
Knochen von einander abhangig, aber wirken als gesonderte Kompd-: 
nenten in einem und demselben System. Der anorganische Mechanismus 
hat sich mehr labil als der Phosphatasemechanismus enviesen. Bei seinen 
Experimenten konnte namlich Robison beobachten, dass in anorganischen 
Phosphor enlhaltenden Lflsungen beim Vorkommen von Stoffen wie Chloro- 
form, NaCN und NaF, sowie beim Austrocknen der Knorpelpraparate, der 
zweite Mechanismus versagle und keine Calcification des Knorpels beo- 
bachtet werden konnte. Es envies sich dagegen, dass beim Vorkommen in 
der Inkubationsldsung von Phosphorsaureestern sogar in so geringen 
Mengen wie nur 0.5 mg % die erwahnte Agenzien keine nennenswerte 
Wirkung auf den Phosphatasemechanismus ausiibten. 

Der Phosphatasemechanismus ist nach Robison der wichtigste Faktor 
der Calcification, denn nach der Lahmiing des genannten Mechanismus 
durch solche Stoffe wie Phenol, NH.OH und Formaldehyd, sowie nach 
vorheriger Erhitzung des Knorpelpraparats bis auf 100°, konnte keine 
Calcification durch Einwirkung des nur anorganischen Mechanismus nach- 
gewiesen werden. Ausserdem erwies es sich bei ahnlichen Versuchen in 
vitro, dass andere Organe, wie z. B. die Niere, eine hohe Phosphataseaktivi- 



20 


BEHMIAnD LAXDTMAN. 


lat aufweisen konnen, aber ohne »second nicchanisni» sind. Jedoch zeigte 
kein Gewebe sich einen aktiven zweilen I^Iccbanismus ohne den crslen zu 

besitzen. 

Nach Robison sollen diese Mecbanismen von enzymaliscbcm Cbarakter 
sein. Die Phosphatascakiivitat konnlc quantitativ durch Bcobachlung der 
Fahigkeit der Enzyme Glyccrophosphat in Inkubationslusungen zu spalten 
studiert werden. Die Phosphatasen haben sicb als auslrocknungsavidersliindig 
erwiesen. Mai (1928) hat fcKtstellen konnen, dass in vitro Pbosphorsaure- 
Estern starker vom wacbsonden als vom fertig ausgebildclen Knoclien 
gespallet werden. Zablreiclie Yerfasser, Um-bicii (1929) unter ihnen, liaben 
bemerkt, dass die Phosphataseiaiigkcit bei der Keubildung von Knocheii 
im Zellengewebe erhdlit ist, was die Rollc der Phosplialasen bei der Xou- 
bildung von Knocliengewcbo erleuchlel. Bei von Robison und Rosen* 
IIEI.M (193-1) angeslelltcn Vcr.suchen hat der anorganisclic Mechanisnius 
sich als nicht spezifisch fiir Aufnahine von Calcium und Phosphor in den 
Knorpel erwiesen, denn ihre Versuebe haben dargclegl, dass auch andere 
Mineralien, wie boispielswoise Ba, Sr, und Mg, in den Knorpel aufgenommen 
warden wenn sie in der Inkubalionslo.sungsich im pber.schusse befandon. 

Robison rechnet mit cinom idocal factor#, dcr die beiden Mecbanismen 
fiir das Knochengewebe spezifisch machen diirftc. Sollto dieses nicht der 
Fall sein, ware es schwierig zu erklaren, wcslialb auch andere Organo unter 
normalen Verhaltnisson der Vcrkalkung nicht unlcrworfon sind. 

Hqfmeisteb (1910) hat die IIypothc.se aufgeslclU, dass Verandorungen 
im Kohleiisaurcgclialt des Blutcs und des Knocliengewebes auf die Calci- 
fication einwirken, und er stiitzte seine Annabine auf die Beobachtung, 
dass COj im Oborschuss in der Ringer-Losung Ca 3 (P 04 i. aufzulOscn 
vermag. Eine Verminderung des Kohlenstiuregehallcs, was cine Erhohung 
der Alkalital bedeulet, dvirfle andererseits die Fallung dieses Salzes fordern, 
welche Theorie spaterhin auch von Kleinmann (1928) u. a. unterstutzt 
worden ist, nach welchem palhologischc Vcrkalkung ofters an den Stellen 
des Organismus, die eine alkalische Reaktion ergeben, auftreten soil. 

Die Hypolhese A’-on HoFMEisTcn ist theorctisch annehmbar, jedoch ist 
es schwierig sich vorzustellen, dass dcr Mechanismus der Ossifikation in der 
Tat so einfach beschaffen ware. Man hat freilich koine Ursache die Bedeu- 
tung der Kohlensaure bei der Ossifikation zu ignoricren, insbesondere in 
dem Falle, wo das anfanglich ausfallende }»Iincralsalz ein Carbonat ist 
(PoLicABD und Roche 1937). Die Schwierigkeit in der Beurfeilung der von 
pH bei der Ossification gespielten Rolle riihrt von der Schwierigkeit her, 
welche die intravitale Bestimmung dieses Wertes bietet. Rous (1925) 
hat eine klethode hierfur vorgeschlagen, bei der er Phtaleinderivalen in die 
Venen von Kaninchen einspritzte und die Farbe nachtraglich in den 
verschiedenen Organen im Mikroskop beobachtete. Mit dicser Methode 
wurde im Blutplasma pH als 7..38 bestimml. Alle Gewebe batten eine 
Reaktion aufzuweisen, die saurer als die des Plasma war. Das Knorpel- 
Gewebe hatte ein pH von 7.2 odor etwas darunter. 
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Die Bedeuliing von pH Leim Verknocherungsprozess Avie es in der 
Tat vor sich geht, entzieht sich jedoch unserer Kenntnis. Dazu miissten 
Beslimmungsmelhcden vorliegen, die Studien von pH an Ort und Stelle, 
also in der Matrix selbst, und im intakten Knochengewebe ermbglichen 
^YU^den. Bei ihren Verknocherungsexperimenten in vitro haben Robinson 
und Rosenheim (1934) dargelegt, dass massige Veranderungen des Wertes 
von pH in der Inkubationsldsung auf die Intensitat der Calcification keine 
Wirkung ausuben, und sie haben keinen Unterschied im hisfologischen 
Bilde des Knorpels nach Inkubation in Losungen mit einem zwischen 
5.4 und 8.9 schwankenden Werle des pH beobachten konnen. Erst nach- 
dem dieser Wert unter 5, oder fiber 10 war, konnte eine verminderte Intensi- 
tat der Verkalkung wahrgenommen werden. 

Seit lange hat eine Reihe von Forschern mit der Mdglichkeit gerechnet, 
dass die Ossifikation den Ausdruck eines mehr oder minder aktiven Vermogens 
der Knochenzellen die fiir die Knochenbildung wichtigen Salze aufzu- 
nehmen darstelle. Diese Cellularlheorie ist von Pfaundler (1904) aufgestellt 
worden und sie ist auf die folgende Wahrnehmung gegrundet: Beim Dige- 
rieren von feinverteiller Knorpel- und Knochensubstanz in Losungen, die 
Calcium in reichlicher Menge (etwa 500 mg %) in der Form von CaClj ent- 
hiellen, bemerkte cr nach einer Zeit von 4 — 24 Stunden durch gravimetrische 
Beslimmungen eine Verminderung der Calciummenge im Filtrat der 
Inkubationsmasse. In manchen Fallen hatte diese Abnahme der Kalk- 
Menge Werte von bis auf 50 % aufzuweisen. Eine enlsprechende Verande- 
rung in der Cl-Konzentration konnte dagegen nichl verspurt werden. Gela- 
tine zeigte sich ebenso wie der Knochen fahig Calcium aus Inkubations- 
Losungcn aufzunehmen. Pfaundler hat seine Ergebnisse in der folgenden 
Hypothese zusammengefasst: »Ein anscheinend von den Knochenzellea 
ausgehender formativer Reiz verursacht eine fortschreitende Umwandlung 
eines Bestandteilcs des umgebenden Gewebes, wodurch dieses eine .spezi- 
fisclie Affinitat zu Kalksalzen des Blutes gewinnl. Die derai't zum iiKalk- 
Salzfangeri> umgewandelte Masse wird von gelosten Kalksalzmassen durch- 
drungen, die mit der organischen Grundlage in Verbindung treten». 

Wells (1906) hat dargelegt, dass diese Affinitat zum Calcium besonders- 
kennzeichnend fiir Knorpel ist. Bei Versuchen, in denen er verschiedene 
Gewebe in die Bauchhohle von Kaninchen einimpfte, hat es sich bei der 
nachfolgenden Analyse der Organ-Asche erwiesen, dass das Knorpelgewebe 
bedeutend mehr Calcium als die anderen Organe aufgenommen hatte. 

Diese Untersuchungen, jetzt schon veraltet, sind von grundlegender 
Bedeutung gewesen, da sie den Ossifikationsmechanismus von einem 
neuen Gesichtswinkel aus beleuchteten. 

In ihren eingehenden, ebenfalls in vitro ausgefiihrten Experimenten haben 
Freudenberg und Gyorgy (1920 — ^23) diese »elektive» Adsorptionstheorie 
entwickelt. Sie inkubierten verschiedenen Tieren entnommenen, vor dem 
Versuche auf Calcium und Phosphat analysierten Knorpel in fein verteilter 
Form in CaClj enthaltenden Losungen wahrend einer Zeit von 5 Tagen, 
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wonach die Knorpelmasse getrccknct und ein Tcil derselbcn auf Calcium 
analysiert wurde, wobei eine Autnahme festgeslcllt wcrdcn konnle. Der 
Rest der Knorpelmasse wurde wahrcnd 3 Tagc mit eincr anorganisches 
Phosphat enthaltendcn Losung nachbchandclt. Nach abgeschlossener 
Inkubation war der Knorpel crhSrlcl und crinnerlc an Knocliensubslan?.. 
Eine neue Analyse zeigte, dass eine Aufnalimc von Phosphat statlgefundcn 
und dass.,auch die Calciummcngc sich noch etwas crhoht hatte. Wurde 
dagegen die Reihenfolge umgeworfen, so dass die Knorpelmasse zucrsl mil 
Phosphat behandelt und nachher in der Calciumldsung inkubiert wurde. 
land keine Aufnahme von Phosphat statt. Ebcnso negativ fiol das Ergebnis 
aus, wenn die Knorpelmasse vor der Behandlung mit Phosphat in eine 
Natriumchloridlosung getaucht wurde. Nach FnEUDENBEno und Gvoncv 
diente dieses Experiment als Beweis dafur, dass die prirnSre Anreichenmg 
des Knorpels mit Calcium eine Vorbedingung der AufnaJime von Phosphat 
•war, welche Annahme in der Beobachtung, dass die aufgenommcne Phos- 
phatmenge von der primllr adsorbicrlen Calciummenge abhangig war, 
eine Sttitze fand. Es envies sich, dass auch Magnesium gleich Calcium von 
Knochen primar adsorbiert werden konnte, was cine nachfolgende Auf- 
nahme von Phosphat ermoglichte. Bei der Verknocherung des Knorpels 
scheint eine einfache mechanische Impragnierung der Matrix mit Calcium 
und Phosphor nicht statt zu finden, da die Reihenfolge des Experiments 
im solchen Falle als belanglos angesehcn ^Ycrden konnte. Ausserdem lag 
die Beobachtung vor, dass, falls pH in dcr Inkubationslosung 4.8 unter- 
stieg, keine Calcification des Knorpels vor sich ging, was den Gedanken 
darauf leitet, dass ein vitaler Prozcss dcr Ossifikation zugninde licgen 
diirfte. 

Auf grund ihrer Untersuchungen slellten FnEUNPEXEEno und Gvoegy 
eine auch von dem Gesichtspunkte interessante Theorie auf, dass sie die 
Aufnahme von Calcium in die Matrix als einen chemischen Prozess ansehcn, 
Dieser Theorie nach soil die Calcification 3 Phasen umfassen. WShrend der 
ersten Phase wird das im Blutplasma und in der Gewebefliissigkcit auf- 
geloste Calcium an das Eiweiss der Knorpelmatrix nach folgender verein- 
fachten Formel adsorbiert: 

I. Calcium + Knorpelprotein = Calciumprotein. 

In der zweiten Phase nimmt diese Yerbindung Phosphate und Carbo- 
nate auf, welcher Vorgang wie folgt bezeichnet werden kann: 

II. a) Calciumprotein Phosphat = Calciumproteinphosphat 
b) Calciumprotein + Carbonat = Calciumproteincarbonat, 

Der Mechanismus scheint in dieser Phase eine experimentelle Stiitze 
in der Beobachtung zu finden, dass Calcium von Knorpel in der Gegenwart 
von Phosphat oder Carbonat besser aufgenommen "wurde. Da jedoch der 
Mineraliengehalt des ausgebildeten Knochens bedeutend hdher ist als die 
Eiweissmenge in der Grundsubstanz, erachlen FREUDEXBEnc und Gyorcy 
es fiir notig noch eine dritte Phase im Ossifikationsmechanismus zu unter- 
scheiden, in der das gebildete labile Calciumproteinphosphat bzw. Carbn- 
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nafkomplex zerfallt und dabei Eiweiss, -welches wiederum als »Kalk{anger» 
dienen konne, freimachen ^v^i^de. Die Reaktion solle also lauten: 

in. a) Calciumproteinphosphat = Protein + Calciumphosphat 
b) Calciuroproteincarbonat = Protein + Calciumcarbonat. 

Diese dritte Phase ist jedoch durch Experimente nicht bestatigt war- 
den. Freudenberg und Gyorgy rechnen mit der Moglichkeit, dass die 
Alkalitat des Knorpels in dieser Phase zunimmt, was seinerseits die Fallung 
von Ca.(P 04 ja befordern wiirde. 

Beurteilt man die Beobachturigen von Robison im Lichte der von Freu- 
DENBERG und Gyorgy aufgestellten , Ossifikationstheorie, so diirfte der 
sPhosphatasemechanismuss- bei der Aufnahme von Phosphor in die Knochen 
seine besondere Geltung in der zweiten Phase haben. Die Annahme, dass 
die Knochenbildung als ein Ausdruck eines aktiven Prozesses angesehen 
warden karin, wird auch von der obeneru'ahnten Beobachtung Robisons 
unterstiitzt, nach Avelcher die Calcification in vitro von Zellengiften gelahmt 
vird. 

Das Wesentliche der Ossificationstheorie von Freudenberg und 
Gyorgy liegt also darin, dass die Verknocherung durch eine primare Auf- 
nahme von Calcium gekennzeichnet wird, und diese Annahme ist spaterhin 
immermehr bestatigt worden (Ullrich 1929, Hess 1930 u.a.). Aus vor- 
wiegend theorelischen Griinden halt in der letzten Zeit Logan (1940) es 
liir wahrscheinlich, dass die einleitende Phase der Ossifikation vielJeicht eine 
gleichzeitige Ausfallung von Calcium- und Phosphat-Ionen in einem annahe- 
renden Verhaltnis von 1: 1 sei. 

Einen gewissen Beleg zur Annahme, dass die Eigenschaft von sKalk- 
Fangers fiir das Knochengewebe charakteristisch ware, bietet eine For- 
schungsrichtung, die mit dem Vorhandensein eines spezifischen osteogene- 
tischen Prinzips im Knochen rechnet, welches Problem zuerst von Levan- 
DER (1938) und spater von Annersten (1940) beleuchtet worden ist. . Es 
ist ihnen gelungen bei der Extraktion von normalem Knochengewebe mit 
Alkohol eine Substanz zu gewinnen, die in die Muskeln von Kaninchen 
injiziert, Knorpel- und Knochenbildung hervorruf. Dieser osteogenetische 
Faktor hat sich weder individual- noch artspezifisch erwiesen und wird 
durch Erhilzung auf 120° inaktiviert. 

Die obenerwahnten Hypothesen, von denen eine jede den Mechanis- 
mus der Knochenbildung zu erklaren versucht, geben uns keine Moglich- 
keit ein einheitliches Schema, das die Ossifikation in alien ihren Phasen 
deuten konnte, aufzustellen. Die Ergebnisse zeigen, im Gegenteil, zu ge- 
niige, vie viele Liicken unser Wissen aufzuweisen hat. Die Knochenbildung 
darf zwar ahem Anschein nach nicht als eine lediglich isolierte Erscheinung 
im lebenden Organismus belrachlet werden konnen. Sie ist eher ein Ergebnis 
des Zusammenwirkens verschiedener Prozesse in einem grossen System, 
worin die Mitwirkung aller dieser Prozesse eine Voraussetzung des norma- 
len Verlaufs der Knochenbildung ausmacht. In ihrer Eigenschaft eines 
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vitalen Prozesscs sleht die Knoclienbildung unler dem Einflusso vielcr 
allgemeinwirkenden Faktoren, wdchc die Lchensfunktioncn im OrgatiiFrnus 
uberwachen imd regeln. Von dicsen Faktoren kommcn in erplcr Rcibe in 
Belrachl Vitaminc und Hormone, weicbe die KnocbengeslaUung cnUvcdcr 
direkt oder indirekt beeinflussen konnen. Von diescn die Ospifikalion brein- 
flussenden Faktoren kann nur die vom Vitamin D gespicdtc Rolle im Rainen 
der vorliegenden Arbeit erortert wcrden. 


B. Vitamin D und Knoclienbildung’. 

Die von der Rachitis lierA'orgernfenen patbologiscben Verandorungen 
im Skelett sind schon seit langc bckannt. Mit der Entdetkung des Vitamins 
D vor etwa 25 Jahren bat die Frage von der Aliologie der Rachitis, welches 
Problem die Forschung seit der Zcit von Gmsson beschafligl liat, im grosscn 
ganzen ihren Abschluss gefunden. Kunmclir wissen wir, dass die Rachitis 
eine Stoffwechselkrankheit des Waclislumsalters isl, die ihren wcscntlichen 
Grund in einer D-Avitaminose hat. Der heilende Einflnss des Vitamins D, 
was dessen Sclilusseffekt betrifft, ist genau nntcrsuclit nnd bckannt. Er 
aussert sich in einer Aufhebung der bei dicser Krankheil auftreten- 
den mittelbaren und unmittolbaren Slonmgcn, deren liauptScIcliliche 
klinische Ausserung die mangelhafle Mineralisierung des Skeletfs ist. Die 
unvollstandige Verknocherung isl die Folge einer Slhnmg im Ddriuin-und 
Phosphormetabolismus des Organismus, die fur den mangelhaften Mincral- 
Stoffwechsel in dieser Krankheil kennzeichnend ist. Soil man jcdoch die 
Frage vom physiologischen Wirkungsmechanismus boantworten, oder eher 
auf das Problem eingehen, wo das D-Vitamin im Organismus primfir ein- 
greift, so konnen wir heute nur von Hypothesen aber nichl von sicherer 
Gewissheit sprechen. Heymann (1938) bcleuchtel dieses wie folgt: i>The 
only fact, that can be stated with any degree of certainty, concerning 
the mode of Vitamin D, is that vitamin D cures rickets b}- readjusting the 
disturbed phosphorus and calcium metabolism^. 

Verschiedene Beobachtungen iiber den lieilenden Einfluss des D-Vita* 
mins auf Rachitis haben jedoch viele wertvolle Einzelheiten fur das Aus- 
Griinden des »Aktionsmodusi> des D-Vitamins ergeben, die es tins jedoch 
infolge der Lticken in unserem Wissen, zu einem einheitlichcn System zu- 
sammenzustellen noch nicht vergonnt worden ist. Die Literatur hat somit 
eine grosse Anzahl verschiedener Theorien betreffend den Virkungsnircha- 
nismus des D-Vitamins aufzuweiscn, in denen die Ansichlen in wesentlichcn 
Punkten auseinandergehen. 

Die Schwierigkeiten in der Beurteilung der vom Vitamin D in dor 
Knochenbildung gespiellen Rolle miissen unter Berucksichtigung unserer 
mangelhaften Kenntnisse der in der normalen Ossifikation teilnchmenden 
Prozesse betrachtet werden. 
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1. Die Zusammer.setzung der Knochen bei Rachitis. 

Filr rachitische Knochen und Knorpel ist eine Verminderung des Minera- 
lienbestandes kennzeichnend. Unler normalen Verhhltnissen enthalt die 
Knochensubstanz des Menschen 50—60 % Trockensubstanz, wogegen 
dieser Wert bei Rachitis nnr 20—30 % is't (Harris 1935). Bei an rachitischen 
Ratten ausgefiihrten Versuchen haben Hess, Berliner und Weinstock 
(1931) dargelegt, dass die Abnahme in der Aschenmenge des Femur haupt- 
sSchlich in den Metaphysen zumVorschein kornmt.in welchen nach der Hei- 
lung des Rachitis auch die grSsste Hinzukunft von Mineralien beobachtet 
n-erden kann. Schabad (1909) gibt uns die folgenden Angaben iiber den 
prozentualen Mineralienbestand im rachitischen und normalen Knorpel 
von Kindern: 

Normalcr Knorpel Rachitischer Knorpel 
CaO 21.75 16.06 

P.Os 16.85 12.52 

Andere Salze 2.43 2.71 

Die Abnahme in dem Mineraliengehalt der rachitischen Knochen- 
Substanz macht sich hauptskchlich fiir Calcium, Phosphor und Carbonat 
geltend. Die Magnesiummenge ist dagegen relativ erhoht. Der Gehalt 
von Alkalimetallen und Chlor ist in normalen und rachitischen Knochen 
annaherend gleich. Diesc Veranderungen den normalen Verh&ltnissen 
gegeniiber verden im allgemeinen als kennzeichnend fiir die rachitische 
Knochen- und Knorpelsubstanz angesehen. 

2 . dber den Entsiehungsmechanismus der rachitischen 
Knochenvcrandeningen. 

Wie entsteht denn die mangelhalle Mineralisierung des Skeletts bei 
Rachitis und wo ist die prirnSre Storung zu suchen? — Bei der Beurteilung 
dieser Frage darf man sowohl mithumoralen, intestinalen und ortlich zellu- 
laren, wie auch mit allgemeinen Kausalmomenten rechnen. Den ver- 
schiedenen Theorien nach soli dieRolle des D-Vitamins in der Hcilung rachi- 
tischer Skelettveranderungen in erster Reihe in der Aufhebung der diesel- 
ben hervorrufenden prirnSren Ursache bestehen. 

a) Die humorale Theoric. Eine Abnahme in der Kalk- und Phosphor- 
Retention ist fur Storungen im Mincralstolfwcchsel bei Rachitis kennzeich- 
nend, was im verminderfen Bestand dieser Komponente im Blule zum 
Ausdruck kommt. Iversen und Lekstrup (1919) sowie Howland und 
Kramer (1921) waren die ersten die eine Senkung des anorganischen Phos- 
phorgehaltes im Blute bei Rachitis bemerkten, und diese Veranderung wurde 
nachtrSglich als pathognomonisch fiir diese Krankheit festgestellt. Gvorgv 
(1926) hat die Menge der gesamlen sSureloslichen Phosphorfraktion im 



BEUMlARn LANDTMAN- 


26 

Blute beslimmt und kcinen Zusammenliang zwischen dicscr und dcr Inlen- 
sitat von Rachitis nachweisen konnen. Spatcrhin hat jedoch cine Reilie 
von Forschern wahrnehnien konnen, dass zusammen mil der anorganischen 
Phosphorfraklion auch der Gehalt an estergebundenem Phosphor im Blute 
hei Rachitis vermindert ist (Stare und Elvehjem 1932, Stearns und 
Warweg 1935 und Bakwin, Bodaksky und Turner 1937). Ganz neulich 
haben Gobble und Janda (1942) mitgeleill, dass die Hypophosphatamie 
bei Rachtitis nur den Phosphagenphosphor beruhre, \v5hrcnd der »\valire 
anorganische Phosphors sowohl bei Rachitis, wic auch beim Zufuhr von 
Vitamin D im Verhaltnis zum normalen Werle einigermassen bestandig 
sein soli. Diese Forscher schreiben dcm D-Vitamin die Bedcutung zu, die 
Phosphagensynthese aus estergebundenem Phosphor befdrdcrn zu konnen. 
Diese Untersuchungen dtirtten jedoch auf ihre Bcstatigung durch 
Nachprutungen -warten. 

Der allgemeinen Ansicht nach sinkt bei unkomplizicrter Rachlis der 
Calciumgehalt des Serums spater als dcr des Phosphors. (Howland und 
Kramer 1921, Rominger, Meyer und Bomskow 1931, 1934). Die letzt- 
genannten Forscher studierten den Mineralstoffwechscl bei rachitischen 
Kindern und behaupten, dass einc vermindcrtc Phosphor-Retention die 
primare Xusserung der Rachitis sei, und dass die iVbnahmc des Calciums 
im Serum erst gleichzeitig mit den klinischen und rontgenologi-schen 
Symptomen dieser Krankheit beobachtel Averden kdnntcn. Nach Romin- 
GER (1939) soil das Vitamin D dementsprcchend zucrst die negative Phos- 
phorbilanz ausgleichen, wogegen die Calciumbilanz erst spater posi- 
tiv werde. Betretfend die Abnahme des Serumkalkes hat Herliz (1942) eine 
kurze Mitteilung veroffentlicht, nach welchcr diese Reduktion vorrugs- 
weise der proteingebundenen Calciumfraktion gclten diirfte, die Tilenge 
des ionisierten Calciums dagegen im Verhaltnis zu dessen Konzentration 
im normalen Serum in keinem nennenswerten Masse sich verringern wiirde. 

Howland und Kramer (1921) sind die ersten, die die mangelhafte 
Ossifikation bei Rachitis als eine Folge der bei dieser Krankheit auftre- 
tenden Hypophosphatamie und Hj'pocakamie betrachten. Eine Unter- 
stutzung dieser Annahme hat Shipley (1924) erbracht, der die histolo- 
gische Beobachtung machte, dass Knochen rachitischer Ratten in norma- 
lem, aber nicht in rachitischem Serum, calcifiziert wurden. Croxatto 
(1931) u. a. bestatigte dieses Ergebnis durch KuUhierung von Huhner- 
Embrj'oknochen im Serum gesunder und rachitischer Kinder, 

Shipley, Kramer und Howland (1925, 1926), und Robison und Mil- 
Arbeiter (1926 — 34) sowie Meyer zu Horste (1931) haben vermittelst 
histologischer Versuche in vitro dargelegt, dass eine der Bedingungen 
fur die Calcification ist, dass der Wert fiir Ca x P in der Inkuba* 
tionslosung 30 — 40 mg % iibersteigt, und dass der Umstand, dass Knorpel 
in rachitischem Serum nicht calcifiziert wird, darauf zuruckzufuhren ist, 
dass im letzteren das Produkt Ca x P unter diesem Werte liegt. Kramer, 
Shear und Siegel (1931) haben bei entsprcchenden Versuchen in xivo eine 
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Calcifikalion von Knochen rachitischer Ratten beobachtet, sobald Ca x P 
im Blutserum 40 mg % ubersteigt. 

Benjamin und Hess (1933), die dem Calciumphbsphorkomplex eine 
grosse Rolle bei der Ossifikation in seiner Eigenschaft eines leicht ad- 
sorbierbaren Substrats zuschreiben, behaupten, dass die Menge dieses Kom- 
plexes bei Rachitis verringertsei, worin sie einen Grund der mangelhaften 
Ossifikation bei dieser Krankheit ersehen. Romincer (1939) verteidigt den 
Standpunkt, dass die wesentliche Storung bei Rachitis auf den Mangel an 
einem Ferment, der die Umbildung des Phosphors im Blute in eine die 
Aufnahme desselben in die Knochensnbstanz ermoglichende Form aktiviert, 
zuruckzufuhren sei, und nach ihm soil das Vitamin D die Rolle eines solchen 
Ferments spielen. 

Nach der obenerwahnten »humoralen» Theorie durfte der prirnSre 
Anlass der mangelhaften Knochenbildung bei Rachitis in einer quantitativ 
Oder qualitativ mangelhaften Zusammensetzung der Knochenmineralien 
im Blute zu suchen sein. Dagegen besitze der Knochen selbst bei Rachitis 
alle Voraussetzungen zur Calcifikation. Die Verknocherungsstorungen bei 
Rachitis miisslen deshalb als eine sdisease of blood and not of the bone» auf- 
gefasst werden (Hovland und Kramer 1921). 

b) Die Adsorptions- und Zellular-sowie andere theorien. Die mangelhafte 
Resorbtion von Calcium und Phosphor im Darme bei Rachitis ist seit den 
grundlegenden Untersuchungen von Findlay (1924) und Telfer (1926) 
bekannt. DemgemSss wird die Beobachtung, dass die Zufiihrung von 
Vitamin D den verminderten Calcium- und Phosphorgehalt im Blute 
bei Rachitis auf normale Werte zuriickfuhrt, im allgemeinen als eine Ausse- 
rung der vom Vitamin D auf den intestinalen Calcium- oder Phosphor- 
Stoffwechsel direkt oder indirekt ausgeiibten stimulierenden Wirkung 
aufgefasst (Smith und Spectator 1940). Die Frage, ob das D-Vitamin 
dabei eine primkre Wirkung auf den Calcium- oder Phosphormetabolismus 
ausiibt, hat die Forschung seit lange beschaftigt. Bergheim (1926) u. a. 
rechnet mit der Moglichkeit, das das D-Vitamin die Adsorption von Cal- 
cium und Phosphor im Darme primar erhoht, und er griindet diese Annahme 
auf Analysen der Darmschleimhaut rachitischer Ratten auf Calcium und 
Phosphor bei Zufiihrung von Vitamin D. Peola und Guassardo (1931) 
haben die Resorption von Calcium und Phosphor im Darme rachitischer 
Hunde untersucht und sind zu dem Ergebnis gekommen, dass die Resorp- 
tion von Calcium bei Rachitis unverandert bleibe, wogegen die Aufnahme 
von Phosphor in einer spaieren Stufe der Krankheit einen Ruckgang 
aufweise. 

In derletzten Zeit hat Nicolaysen (1936 — 1937) die Rolle des Vitamins 
D bei der Aufnahme von Calcium und Phosphor in isolierten Diinndarm- 
Schlingen rachitischer Ratten vermittelst ausfuhrlicher Experimente stu- 
diert. Die Aufnahme von Phosphor in anorganischer und organischer 
Form bei normalen und rachitischen Tieren erwies sich bei Mangel an 
Calcium im Futter als gleich stark. Beim Hunger an Phosphor dage- 
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gen wurde eine zugefuhrlc Cfilciuinmenge von 15 mg im Darjnc nor- 
maler Ratten vollig aufgenommcn, wogegen raclntischo Ticre iinter .Wi- 
selben VerlUVltnisscn mir 5.4 mg aufnnlimen. In don v('r.=dueden'’n 
suchen war die aufgenommenc Calcium- nnd Phosplinrrnf-ngc proporlio- 
nal mit deni Gehalte die.ser Sloffc im Fnltor. woldio Roohadilung nadi 
iXicoLAYSEN dafur spridif, das.s die Absorption von Calcium nnd Phos- 
phor im, Darme ein DiffusionKprozes-s ware, Nicoj.AYr.r.N redinet damit, 
dass da.s Vitamin D eine primhre Wirkung anf don C'lldiimstoffwrdi.col im 
Darme ausiibt, wogcgen die Verllndeningcn im Pliosplinrmdabolisrnus 
von sekundhrer Naliir wSrcn. 

Laskowski (1937) nnd Gnrr.Nnr.nc (1939) n. a. Inilten o.s ebenffills fur 
wahrscheinlich, dass das Vitamin D dior den ]detaboli.«nnis von Gilcinm 
als den des Phosphors primar erhohe. Dor crstere injiziorte Phosphnl- 
Losungen in ligierte Dunndarmsdilingen von Ratten nnd beobadileto, dass 
die Zufiihrung von Calziferol per os die Anfnahnie von Phosphor im Darme 
dier verringcrle. 

Es ist nicht bekannt ob das D-Vitamin bd dcr Rcgnliemng dos Cal- 
cium- und Phosphorstoffwcchsels im Darme die Adsorptionspermoabilitat 
dcr Epithclzellen dcs Darmes nnmiftdbar bceinflusse. Ro>n (H'29}, Nico- 
LAYSEN (1937) nnd Hey.mavx {1937) n. a. redincn mit einer solchen Mog- 
lichkcit. 

IlAnnis nnd Inkes (1931), sowie IlAnms (1933 — 35) Imben nn.^ero 
Aufmerksamkeit daranf gcriditet, dass das Vitamin D aurli djo Exkretion 
von Calcium und Phosplior im Darme verringert. Es bat sich namlich l>ei 
Versuchen mit rachifischon Ratten onvioson, dass dieselben bodeutend 
mehr Calcium nnd Phosphor mit den Faccalien als die gesnnden verloren 
(HARnis 1935). Eine erhbhlc Ansscheidung von Phosphnt durch den Harn 
bei Rachitis ist cbenfalls bcohachten worden (IIeymann 1928, u. a). Harris 
und IxNEs schreiben dem Vitamin D die Bcdeulung zn, die »net absorbtinns 
von Kalk und Phosphat im Darme zu crholicn, was sicb durch eine erhbhle 
Adsorption und verringerte Exkretion diescr Stolfe in der Ainvcsenbeit 
von Vitamin D Sussert. Die Bcobaclitung, dass eine aktivo Exkretion von 
Calcium und Phosphor, und dabci liauptshcldicli im Colon bestehe, ist spStcr 
u. a. von CowELi. (1937) besiatigt worden. 

GemSss den obenerwabnten Forschungen durfte die bnuplsarblicho 
Aufgabe des Vitamins D bei der Hoilung von Rachitis in der Wlederher- 
stellung des intestinalon Kalk- und Phosphorsloflwcchsels bestehen, wo- 
durch die Zufuhr von i>Bausleinen» an die Knochen im gonugenden Aus- 
masse ermoglicht wird. Der Einfluss des Vitamins D auf die O.esifikation 

selbst durfte untcr diesen Verhaltnissen von sokundaror Katur sein (Harris 
1935). 

Eine gewisse Stiitze findet diese Tlicorie in der Bcobaclitung, dass beiin 
angel an Vitamin D Rachitis bei Ratten durch Vcrabrcichung von plios- 
pliorarmer Kost hervorgerufen werden kann. Daranf grUndet sich das Prin- 
zip der von Me Collu.m und Steekhock vorgoschlagonen gewblmlichen 
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rachitogenen Diaten, in welchen das Verhaltnis Ca: P gleich 4: 1 bzw. 5: 1 ist, 
Auf diese Weise wird eine negative Phosphorbilanz geschafft, weil die 
Exkretion von endogenem Phosphor bei der Zufiihrung eines tJberschusses 
an Calcium in der Dial sich erhoht {Nicolaysen 1937). Eine Folge dieses 
i>P-OpferE» (Rominger 1939) ist die Hypophosphatamie, welche ihrerseits 
zu rachilischen Ossifikalionsstdrungen fiihrt. Bei an Ratten ausgettorten 
Experimenten ist es demgemass gelungen, ohne Mitwirkeri von Vitamin D 
Rachitis bloss durch Normalisierung des Verhaltnisses Ca: P in der Diat 
zu heilen (Glanzmann 1925, Kramer, Shear und Siegel 1931, Lilly 1932 
u. a.). Neulich haben Nicolaysen und Jensen (1939) dargelegt, dass ein 
Zusatz von Vitamin D zur rachitogenen Diat bei Ratten den Gehalt an 
Asche im Femur von 29,9 auf 38.8 % erhohte, und dass weiterhin eine 
subcutane Injektion von 12 mg Phosphor pro Tage diesen Wert auf 45.4 % 
braclite. 

Es ware jedoch hier angebracht, den Unterschied zwischen der bei Ver- 
suchstieren hervorgerufenen experimentellen Rachitis und der spontanen 
Kinderrachitis zu betonen, denn wahrend die erstere mit Hilfe von phos- 
phorarmer Diat hervorgerufen werden kann, scheint dieses Sachverhaltnis 
bei der Entstelmng von Rachitis bei Kindern nicht in derselben Weise 
bestimmend zu sein, da ja diese, wie bekannt, nur durch Zufuhrung von 
Phosphor in die Dilit sich nicht heilen lasst. Das Verhaltnis zwischen Kalk 
und Phosphor ist in der Muttermilch etwa 1.31, in Kuhmilch aber nur 0.73, 
weshalb Sauglinge, wenn das Verhaltnis- dasselbe wie bei Experimenten 
an Tieren ware, der Rachitis mehr heimgcfallen sein mtissten, als die mit 
Kuhmilch ernahrlen Kinder. Das Sachverhaltnis ist aber, wie bekannt, 
enfgegengesetzt. Ratten rachitis wnrd andererseits unter Einfluss des- Vita- 
mins D geheilt, ohne dass die Quote G : P der rachitogenen Diat verhndert 
werden muss, und denselben heilenden Effekt zeigt das Vitamin D auch 
bei Kinderrachitis. 

Von der Zeit an, wo die Frage von der Pathogencse der Rachitis zum 
Gegenstand eingehenden Sludiums gemacht wnirde, hat eine Reihevon 
Forschern mit der Moglichkeil gerechnet, dass die bei dieser Kranklieit 
auftretenden Ossifikationsstbrungen vermutlich auf eine Unfahigkeit der 
Knochen selbst die fiir die Knochenbildung wichtigen Salze zu verwerten 
zuriickgefuhrt werden konnten. Nach dieser Theorie solle die vom Vita- 
min D gespielle Rolle in der Beseitigung dieses brtlichen Missverhaltnisses 
in. der Knochensubstanz bestchen. Pfaundler (1904) war als erster der 
Annahme, dass bei Rachitis die Knochen an einer primaren Unfahigkeit 
sich zu calcifizieren leiden. »Bei Rachitis werden Kalksalzmassen in unzu- 
reichender Menge eingelagert oder unzureichend fixiert, weil die spezi- 
fische Affinitat mangelt.» In Obereihstimmung mit Pfaundlers Theorie 
ist die Umbildung der Zellen des osteoiden rachitischen Knochengewebes 
in »Kalksalzfanger» eine Voraussetzung fur die Normalisierung dieses 
Verhaltnisses. Die Annahme, dass es den Knochen bei Rachitis an einem 
aktiven Calcifikationsprinzip mangelt, wmrde spater u. a. von BosAnyi 
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(1925) untersliitzt. Es gelang ihm namlich Rachitis bei Ratten vermittelst 
Knochenmark gesunder Tiere zu heilen, wogegen rachitischer Knochen- 
Mark denselben Effekt nicht aufweisen konnte. Eine Reihe der in der 
letzlen Zeit ausgefiihrten Beobachtungen (Vollmer 1930 und Heymann 
1937 ) zeigen, dass das Vitamin D in fettreichen Geweben, wie beispiels- 
weise Knochenmark, aufgespeichert wird, weshalb das von BosAnyi 
erfeichte Ergebnis teilweise auf den Einfluss des Vitamins D zuriickgefuhrt 
werden kann. 

Freudenberg und Gyorgy bctrachten die mangelhafte Verknocherung 
bei Rachitis im Lichte ihrer Calcificationstheorie, welche bereits im Zusam- 
menhange mit der normalen Ossifikalion geschildert worden ist. Kach die- 
sen Forschern soil bei Rachitis der Verknocherungsvorgang in der einlei- 
tenden, von der Adsorbtion des Calciums an die Proteinsubstanz des Knor- 
pelgewebes gekennzeichneten Phase aufhoren, und die Bindung von 
Phosphat konnte darum wahrend der zweiten Ossifikationsphase nicht 
zu stande kommen. 

Freudenberg und Gyorgy rechnen mit einem lokalen jHemmungs- 
Mechanismuso als der Ursache der mangelhatten Mincralisierung des Skeletts 
bei der Rachitis. Im Falle, dass die lokede Reaktion der Knochensubstanz 
zu sauer ist, was ihrer Annahme nach bei Rachitis der Fall sci, wiirde dieses 
eine hemmende Wirkung auf die Ossifikalion ausuben. Da Kuhmilch ein 
saures Milieu hervorruft, dvirfte dicselbe eher fiir Rachitis pradisponiercn 
als Muttermilch, die ein alkalisches Mileu schafft. 

Ullrich (1929) ist der Ansicht, dass der grunds’Atzliche Unterschied 
zwischen experimenteller Rachitis bei Tieren und spontaner Rachitis bei 
Kindern darin liegt, dass bei den letzteren die Ossifikalion schon in der 
einleitenden Phase gestort sein diirfte. Sollte die primare Anreiche- 
rung des Calciums, welche eine Voraussetzung fiir die nachtragliche Auf- 
nahme von Phosphat ist, in der ersten Phase ausbleiben, wiirde dieses 
teilweise erklSren, weshalb die Zufulirung von nur Phosphat, wie bekannt, 
bei spontaner Kinderrachitis keinen lieilenden Effekt auf die Ossification 
ausiibt. 

Robison und seine Mithelfer (1923 — 34) die bei Ihren Versuchen die 
Bedeutung der Phosphorsaureestern bei der Ossifikation walirgenommen 
haben, sind der Annahme, dass die gehemmte Knochenbildung bei Rachi- 
tis eine Folge der verringerten Phosphatasetatigkeit in den Knochenzellen 
ist, was jedoch nahere Untersuchungen nicht bestatigen, da es vielmehr 
bekannt ist, dass die Phosphatasen in rachitischer Knorpel- und Knochen- 
Substanz eine erhdhte Wirksamkeit aufweisen (Demuth 1925, Mai 1928, 
Careddu und Brigenti 1936, Kodama 1939 u.a.). Die erhohte Phosphatase- 
Tatigkeit in den Knochengeweben bei Rachitis muss vielleicht im 
Lichte der starken Neubildung von Knorpel bei dieser Krankheit, fiir die 
eine Erhohung im Phosphorstoffw'echsel kennzeichnend ist, betrachtet 
werden (Dols, Jensen, Sizoo und van der Maas 1939). Der »Phosphata- 
semechanismuEi) kann jedoch aus irgend einer Ursache im rachitischen 
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Knorpel nicht zur Geltung kommen. Policard, Pehu und Boucomont 
(193-1) sind der Meinung, dass dies entweder in shumoralen Storungeno- 
infolge eines Mangels an den fur die Knochenbildung wichtigen Phosphor- 
Estern im Blute seinen Aniass hat, oder auch- rechnen sie mit der Moglichkeit, 
dass ein toxischer Prozess die Ausnutzung dieser Estern beim Rachitis 
storen konne. Eine Bestatigung der ersten Annahme ist unter anderen von 
Stare und Elvehjem -(1932) gegeben worden, welche eine Verringerung 
des Gehalles von Phosphorsaureestern im Blute gleichzeitig mit anorga- 
nischer Hypophosphatamie beobachtet haben. In den Erythrocyten soil 
bei Rachitis der Phosphorsaureeslerngehalt ebenfalls vermindert sein 
(Freudekberg 1935). 

Es gibt nur wenige experimentelle, auf Beobachtungen bei der Zu- 
fiihrung von Vitamin angestellte Untersuchungen des vom D-Vitamin 
ausgeiibten unmittelbaren Einflusscs auf die Knochensubstanz selbst. 
Robison und Rosenheim (1934) haben die Calcification von rachitischem 
Rattenknorpel nach Zusatz von Ergoslerol in die Inkubationslosung, oder 
bei vorheriger Behandlung des Knorpels mit Ergosterol studiert, wobei 
dieser Agenz keinen Einfluss auf die Calcification des Knorpels ausgeiibt 
zu haben scheint. Dieses negative Resullat miissejedoch nach Robison 
mit Zuruckhaltung angenommen werden. Etwas spater ' in demselben 
Jahre teilt Rosenheim mit, dass die Calcificationskraft des Knorpels 
rachitischer Ratten immer mehr sich verminderte, je iSngere Zeit die 
Tiere auf rachitogener Dial gehalten wurden. Fleischmann (1937) erklart 
ebenfalls im Anschluss an eine kurzehistologischeUntersuchung in vitro, 
dass die Calcification von Vogelknochen langsamer in rachitischem als 
in normalem Seriim vor sich geht, und dass ein Zusatz von Calcium oder 
Phosphat zu der Inkubationslosung den Mangel an Vitamin D nicht 
vollstandig kompensiert. Bei Untersuchungen in vitro ist auch Pfeiffer 
(1936) zu einem ahnlichen Ergebnis gekommen. 

Unter Benutzung der in vitro-Methodik Robisons haben Venar und 
Todd (1936) in einer kurzen Veroffentlichung Untersuchungen iiber den 
Effekt des D-Vitamins auf die Calcification der Tibia von Ratten angestellt 
und teilen mit, dass sie durch Behandlung von Ergosterol mit Aceton und 
Talk ein ivasserlosliches antirachitisches Prinzip »Aquasterol» gewonnen 
haben. Ein Zusatz dieses wasserloslichen D-Vitamins in die Inkubations- 
Losung erhdhte die Calcification in der sgrowing areao der Tibia rachitischer 
Ratten. Die IntensitSt der Calcification war bei konstantem D-Vitamin- 
Gehalt proportional zu der Salzkonzentration der Inkubationslosung. 

Es ist von alters her bekannt, dass die pathologischen VerSnderungen 
im Skelett bei Rachitis nicht als eine isolierte Krankheit des Knochen- 
Gewebes oder als ausschliesslich eine Storung des Mineralstoffwechsels im 
Organismus zu betrachten sind, und in Ubereinstimmung mit dieser Beo- 
bachtung erstreckst sich der Effekt des D-Vitamins auch auf die allge- 
meinen organischen Zellen- und Korper-Funktionen. In diesem Zusam- 
menhange konnen u. a. die von R.aiha, Helske, Peitsara undVEHNiXi- 
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nen (1937) ausgefuhrten Untersuchungen erwahnt werclen, welche die 
grosse Bedeutung des D-Vitamins fur die im Kohlehydratstoffweclisel 
einbegrifferien Prozesse darlegen. Diesen Beobachtungen liegen Versuche 
mit rachitischen Kaninchen zu grunde. Nach Raiiia und seinen Mitarbei- 
tern werden die primaren Storungen bei Rachitis von einer mangelhaften 
Spaltung der organischen Phosphorsaureestern im Organismus, und dabei 
vorwiegend in den Muskeln, gekennzieichnet. Dieser tJberschuss an ester- 
gebundenem Phosphor sollte die bei dieser Krankheit vorkommende an- 
organische Hypophosphatamie verursachen. Wurde den Tiercn ein D-Vita- 
min-Stoss gegeben, zeigte es sich, dass die Muskelkraft sich innerhalb einer 
kurzen Zeit erhohte, welches gleichzeitig zu einer Erhcihung der anorga- 
nischen Phosphorfraktion im Blule fiilirle. Dadurch sollte ein fur die 
Verknocherung giinstiges Milieu — wahrscheinlich vermittelsl der gleich- 
zeitigen Entstehung des sogenannlen Hess’schen Komplexes — geschafft 
werden. Einen weiteren experimentellen Beweis ftir die Bedeutung dor 
Muskeltatigkeit beim Heilen von Rachitis gibt Peitsara in einer gegen- 
Avartig im Druck befindlichen Arbeit, in welcher er untcr anderem 
zeigt, dass, AA-enn die Extremitaten rachitischer Hundc vor Verabreichung 
des D-Vitamin-Stosses gegipst AAiirden, keine nennensAA-erte VerUnde* 
rungen in den Phosphorfraktionen des Blutes AA’ahrgcnommen AA'crden 
konnten. 

3 . D-Hypervitaminosc. 

Kurz nach der Entdeckung des D-Vitamins trafen von vcrschiedenen 
Seiten Mitteilungen ein, dass dieses Vitamin bei Gabe am Menschen und 
Tiere toxische BeiAvirkungen haben konne. BeispielsAA'eise haben unter den 
ersten Kreitmar und Moll (1928) bei der taglichen Zufiihrung von 2 mg 
bestrahlten Ergosterins an Mause geAAusse Krankheitssymptome wie 
Appetitverlust, GeAvichtsabnalime, Erbrechen, Diarrhoe, Somnolenz und 
Alopecia beobachtet. In den meisten Fallen starben die Tiere nach 
2 — 3 Wochen. Fiir MeerscliAA'einchen und Katzen AA'ar die letale Dosis 
Ergosterin bedeutend hoher (40 bzw. 10 mg). Gleiche pathologische 
Veranderungen bei D-Hypervitaminose Avurden u. a. A’on Hess (1928) 
auch bei Menschen beschrieben. 

Die Angaben uber die Grenzen der toxischen D-Vitamindosen fiir 
verschiedene Tiere schAvanken bei den verschiedenen Verfassern verhaltnis- 
massig stark. Der allgemeinen Ansicht nach durfte jedoch das Marginal zAvis- 
chen den therapeutischen und den toxischen Dosen relativ breit sein. Light, 
Miller und Frey (1929) geben beispielsAveise auf, dass Ratten eine tag- 
liche Gabe von 10,000 Male die heilende Dosis D-Vitarains AA’ahrend 
sechs Monate harmlos vertragen konnen. Erst bei einer Menge von 100,000 
Mai die kurative Dosis konnten bei den Tieren toxische Symptome beo- 
bachtet AA’erden. Reed (1937) ist der Ansicht, dass eine langAArierige Zufiih- 
rung von 1000 Mai die therapeutische Dosis D-Vitamins fiir Ratten vollig 
gefahrlos ist. Bei Menschen treten sclvAA'erere Komplikationen bei der Zu- 
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riihrung grosser Mengen D-Vitamins verhaltnismassig selten auf. Dieses 
wird, unter ahderem, auch von den Ergebnissen der HARNAPP’schen »Vita- 
niin-'stosslherapie», welche gegemvartig in der Bekampfung der Rachitis 
erfolgreich angewandl wird, bestatigt. 

Die durch cine Dberdosierung von D-Vitamin in dem Mineralstoif- 
weclisel iiervorgerufenen Veranderungen werden von einer Erhdhung 
des Calcium- und Phosphorgehaltes im Blute gekennzeichnel, welche 
Beobachtung von mehreren Forschcrn beschrieben ist. Hess (1928) gibt 
beispielsAveise cine Erhohung des Scrumcalciums in D-hypervilaminoti- 
schen Ratten bis auf 18—20 mg % und von Phosphor auf 10 mg % auf. 
Harris und Steward (1929) gaben jungen Ratten cine Diat cnthaltend 
0.1 % bestrahlten Ergosterins, wobei der Serumkalk sich urn 25 und der 
Phosphor urn 50 % erhohten. Bei Omnivoren scheint bei D-Hypervita- 
minose vorzugsweise cine Erhohung des Serumkalkes statt zu finden 
(Harris 1931), wogogcn bei Herbivorcn die Erhohung in erster Reihc 
der Phosphorfraktion gelten diirfte (Warkany 1930). Bei weit vorge- 
schrittener D-Hypervitaminose ist neben der Hyperphosphatamie und 
Hj'percaicamie eine Auflagerung von Calcium in verschicdenen Organen 
nachgewiesen worden, welche Beobachtung von Smith und Elvove (1929) 
zuerst beschrieben worden ist. Von dicsen Organen kommen in erster 
Reihe die Leber, das Herz, die Blutgefasse, die Nicren und die ^Tilz in 
Betracht. 

Es ist nicht naher bekannt, ob die Hypercalcamic und die Hjiierphos- 
phatamie bei der D-Hypervitaminose liauptsachlich bin Ergebnis der erhoh- 
ten Adsorption im Darme sind, oder ob der Kalk und der Phosphor aus den 
Ulineralvorraten des Kdrpers, von wolchen das Skelett der wichtigste ist, 
mobilisiert werden. Viellcicht darf man mil eincm Zusammcnwirken der 
beiden Moglichkeiten reclinen. Ashford (1930) u. a. schreibt der erhohten 
Adsorption die grosste Bcdeutung zu. Ebenso haben neulich Tweedy 
Templeton, Patras, Me Junkin und Namara (1939) gczeigt, dass mas- 
sive Dosen D-Vitamins (IGOOOO L E.) die Adsorption von Calcium und 
Phosphor im Darm von Ratten in grossem Ausmasso orhohen. Dieselbe 
V irkung uairde auch nach vorangegangener Thyreoideoparathyreoidekto- 
mie verspiirt, eine Beobachtung, die einer friiheren, unter andcren auch von 
Hess vertretenen Theorie, dass die Hypercalcilmie bei D-IIypervitaminosc 
die Wirkung des D-Vitamins via Parathyreoidea als Anlass hat, widcr- 
sprechen diirfte. 

Mehrere Forscher haben anderenseils gezeigt, dass cine 'Oberdosierung 
des Vitamins D eine Demineralisiening des Skeletts zur Folge haben 
kann. Wiskott (1930) hat beispielsweise eine Verrhinderung der Trocken- 
Substanz in Knochen von Ratten beobachlet, denen er grosse Dosen 
D-Vitamins (0.25 — 1 mg pro 10 gr des Kdrpcrgewichts) verabreicht hat. 
Diese \erminderung bcriihrte vonviegend Calcium und Phosphor in der 
Zuwachszone. Eine Zufiilinmg grosser Dosen Calciums konnte allein die- 
sem Dcfekt nicht abhelfen. 
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Eingehende Untersuchungen von Bnowx nnd Siiojie (1930) beleiichten 
sehr deutlich die verschiedenen Phascn der SkelcltveriSndcrungcn 
bei D-Hyp'ervitaminose. Bei diesen Vcrsiicben wiirde Raltcn bostrabltcs 
Ergosterol in Dosen von 0,01—2 mg, also 100—20000 Mai die kuralive 
Dole, taglich verabreicht. Bei der Zufiihrung von Ergosterol in finer Menge 
von bis 0.5 mg wurde die Aufnalimc von Calcium und Phosplior in die 
Knochen slimuliert, was in einer Erholmng der Trockensiibstanzmcnge 
ihren Ausdruck fand. tJberstieg jedocli die verabrcichte D-Vi(aminmenge 
0.5 mg, so trat nacli dieser initialen Phase eine Demineralisation der 
Knochen ein, wobei eine negative Calcium- und Phosphorbilanr, cntstand, 
die von einer erheblichen Absondcrung dieser Stoffe im Harn, sowio von 
der Calcification der verschiedenen obenangefuhrtcn Organe gekenn- 
zeichnet wurde. Rachitische Ration erwiesen sich gegenuber normalen aks 
mehr wiederstandsfahig fiir grosse Dosen D-Vitamins. Eine negative 
Calcium- und Phosphorbilanz Iral bei diesen Tiercn erst bei Dosen von 
2 mg D-Vitamins auf. 

Es ist noch nicht vollkommen klargcstellt warden, ob die b^’i einer 
Uberdosierung von Vitamin D im Stoffwcchsel auftretenden Veranderun- 
gen einer reinen Hypervitaminoso zugeschrieben werden konnen, oder 
ob sie ein Resultat der Einwirkung von im Vilaminpraparatc enthaltenen 
toxischen Nebenprodukton sind. Die letzlere Moglichkcil ist bei den ersten 
Experimenten mit aktiviertem Ergostorin, welches mehr als cin aktives 
Prinzip zu enthalten vermutet werden darf, nicht ausgeschlosson (Logax 
1940). 

Bekanntlich gibt es verschiedene intermcdiarc Bcslrahlungsprodukto 
von Ergosterin. Eines von diesen, namlich Dihydrolachyslerin odor AT 10 
(Holtz 1934), hat in dor letzten Zcil besonderes Inleresse erwcckl. Die 
Wirkung dieses Stoffes orinnert teilweisc an die des D-Vitamins. Bei der 
Verabreichung von AT 10 in moglichst reiner Form per os odor parenteral 
an Hunde hat Siwe (1935) eine starke Erlmhung des Serumkalkes schon 
nach 24 Stunden beobachtet. Der Phosphorgchalt im Serum erlitt dagegen, 
im Gegensatz zum Effekt des Vitamins D, keine Veranderung und dieses ist 
wahrscheinlich eine der Ursachen dafur, dass AT 10 allein Rachitis zu 
heilen nicht vermag. 

Andererseits hat es sich dagegen erwiesen, dass hochwertige Antirachi- 
tica in moglichst reiner Form bei starker Uberdosierung loxischo Verkal- 
kungen hervorrufen konnen, was somit ein Ergebnis einer echton D-Hyper- 
vitaminose sein dhrfte (Romingeh 1939). 



III. Material und Methodik. 

A. Versuchstiere. 

Das Ticrmaterial umfasst 67 Ratten, 32 Meerschweinchen, 15 
Kaninchen und ein Kalbembrj'o. Es ^rarden insgesamt 536 diesen 
Tieren entnommene Knorpel- und Knochenpraparate angewandt. 
Die Verteilung des Versuclisniaterials geht aus den verschiedenen 
Experimentserien ber\'or. 


Railcn. 

Als Versuclistiere dicnten vorzugsweise weisse, in einigen Fallen 
schw’arzscheckige Laboratoriumratten und zwar beinabe alle 
^lannchen, deren Gewicht zwischen 30 und 360 g schwankte, 
(grosstenteils etwa 200 g). 

Die Tiere ^^'urden in Kafigen aus Eisendraht mit doppelten 
Boden aufgezogen. Bei alien Versuclien, mit Ausnahme der Rachi- 
tisuntersuchungen, war die Grundkost von folgender Zusammen- 
setzung; 


Maismehl 

1,300 

g 

Weizenkleie 

400 

» 

Casein 

180 

I) 

Natrium chlorid .... 

10 

» 

Calciumcarbonat . . 

10 

» 


Diese Bestandsteile wurden unter Zusatz von Wasser zu einem 
Brei vermiscbt. Ausserdem wurde den Tieren taglich trockenes 
Roggenbrot, einen jeden zweitcn Tag Milch, und ein Mai in der 
Woche gekoclite Lunge oder Fisch, sowie haufig Mohrriiben 
verabreicht. Jeder Kafig entbielt eine Pipettenflasche mit destil- 
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liertem Wasser ad libitum. Der Ernahrungszustand und Zuwachs 
der Tiere war bei der obenangefiihrten Kost gut. Die Normaltiere 
wurden ausscbliesslich auf dieser Kost gebalten. 

Die D-Hypervitaminisiemng geschah vermittelst Zufiihrung 
von Yigantol (Merck) mit Hilfe einer Rekordspritzc und eines 
Nelatonkatbeters, welcber als Ventrikelsonde angcwandt wurde. 
{1 ccm Vigantol enthalt 0.3 mg in Sesamol gelosten Vitamin Dg 
und entspricbt 12000 I.E. D-Vitamin). Die Yitaminisierung Asmrde 
wabrend 4—6 Tagen bewirkt und die Tagesdosen schwankten bei 
'den verscbiedenen Versuchcn zwischen 12000 und 36000 I. E. 
Vitamin D. Die Kontrolltiere, die im iibrigen unter denselben Ver- 
haltnissen, aber in anderen Kafigen aufwucbsen, erhielten anstatt 
Vigantol eine entsprechendeVolummenge reines Sesamols. In den 
verscbiedenen Versucbsserien wurden die Kontroll- und »Viiamin»- 
Ratten soweit moglicb einem und deiselben Wurfe entnommen. 
Irgendwelche kliniscb wabrnehmbarc toxiscbe Wirkungen des 
Vitamins D konnten bei diesen Versucben nicbt festgestellt werden. 

D-Aviiaminose wurde in Dunkelraum bei 3 — 4 Wocben alien 
Ratten vermittelst Me Collums raebitogener Diilt Nr. 3143 
(Merck) hervorgerufen. Das Gewiebt der Tiere am Anfange der 
Diatzeit scbwankte zviseben 30 und 70 g (meistens etwa 40 g). 
Bei den verscbiedenen Versucben wurden die Ratten^ ebenso 
wie bei den D-Hypervitaminose-Versueben^ in zwei Gruppen ein- 
geteilt, von denen die eine aus Kontrolltieren bestand. Alle Tiere 
wurden unter im tibrigen gleicben Verbiiltnissen aufgezogen, 
jedocb mit dem Untersebiede, dass die Kontrolltiere 4 Tropfen 
verdiinnter Vigantollosung, enthaltend 50 I.E. Vitamin D taglicb 
ert ielten. Nacb Guassardo (1937) sollen mit raebitogener Kost 
gefiitterte Ratten bei dieser Tagesdosis Vitamin D vollkommen 
gesund verbleiben. Die Ratten der zweiten Gruppe erhielten eine 
entsprechende Volummenge reines Sesamols. Nacb Bomskow (1935) 
sind bei auf der 'Dial Me Collums gebaltenen Ratten schon nacb 
einer Woche rachitische Veranderungen in den Metapbysen bisto- 
logisch nachweisbar. Bei meinen Versucben scbwankte die Zeit der 
Dial zwischen 7 und 60 Tagen (vorzugsweise 3—4 Wocben). Nacb 
2—3 Wocben wiesen die Ratten, die nur Sesamol erbalten batten, 
typische klinische Zeichen der Rachitis auf. Im Gegensalz zu 
diesen Mabrnehmungen bei den an D-Avitaminose leiden- 
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den Ratten, schienen die Kontrolltiere sich normal zu ent- 
Avickeln, oline dass irgendwelche entsprechende krankhafte Er- 
scheinungen bei ihnen beobachtet werden konnten. Am Ende der 
Versuchszeit wurde eine Anzahl von Rontgenkontrollen vorge- 
nommen, vobei bei den D-avitaminotischen Ratten typische An- 
zeiclien von Rachitis festgestellt werden konnten, wogegen keine 
solche S 3 'mptome bei den Kontrolltieren zu entdecken waren. 

Mcerschweinchm. 

Die zur Anwendung gekommenen Meerschweinchen, alle von 
mannlichem Geschlecht, waren vorzugsweise Tiere im Wachstums- 
Alter von 330 — 700 g (meistens 400 — 500 g) Gewicht. Als Kafige 
dienten geraumige Holzkisten, deren Boden mit taglich erneuerten 
Sagespanen bedeckt waren. Die Grundkost war bei samtiichen 
Versuchen die gleiclie und bestand vorzugsweise aus trockenem 
Heu und Hafer. Ausserdem erhielten die Tiere jeden Tag ein 
Stuck Sleckriibe, sowie drei bis vier Mai in der Woche Mohrriiben. 
Die Normaltiere wurden nur mit dieser Kost gefiittert. 

Die D-Hijpervilaminisiemng geschah durch Zufiihrung von 
Yigantol vermittelst einer Pipette. Die taglichen Dosen waren 
geAvohnlich 36000 I.E. Vitamin D und die Vitaminisierungszeit 
schwankte zwischen 4 und 14 Tagen. Die Kontrolltiere, welche 
getrennt gehalten vnirden, erhielten eine entsprechende Volum- 
Menge reines Sesamols. Irgendwelche krankhafte Symptome 
wiesen die Tiere bei diesen Versuchen nicht auf. 

Da die Erfahrung gezeigt hat, dass Rachitis bei Meerschweinchen 
scliwer hervorzurufen ist, wurden solche Versuche in der vorlie- 
genden Arbeit nicht veranstaltet. 

Kaninchen. 

Die Kaninchen wurden ausschliesslich fiir D-Avitaminose- 
Versuche angewandt. Die Versuchstiere waren 3 — 4 Wochen alte 
Kaninchen, deren Gewicht am Anfange der Diatzeit zvdschen 290 
und 520 g schwankte. Die Tiere wurden in denen der Meerschwein- 
chen ahnlichen Kisten, aber im Dunkel aufgezogen. Die Kontroll- 
Tiere erhielten vermittelst Pipette 300 I.E. Vitamin D pro Tag, 
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Avogcgen den »Rachitistieren» eine entsprechende Volunimenge 
reines Sesamols verabreicht ANTirde. Die Dauer der Diatzeit 
sdnvankte ZAvischen 9 und 57Tagen. Beim Futtern der Kaninchen 
em’ies es sicli jedocli, dass sie sich auf die Me Collum sche 
rachilogene Kost »nicht verstanden». Die Tieren beider Gruppen 
assen schlecht und bei ihnen konnte eine ausgesprocliene Dystrophic 
verspiirt Averden. Diese Versuchsserie wurde ini Herbst ausgefiihrt. 
Raiha. und seine Mitarbeitern (1937) haben gezeigt, dass der 
Herbst eine ungiinstige Zeit fiir die Hervorrufung von Rachitis 
bei Kaninchen ist, da die Widerstandskraft und der ZuAvachs der 
Tiere in dieser Zeit am schlechtesten sind. 

Kalbcmbryo. 

Das angeAA'andte Kalbembrj'o war etv’a 5 Monate alt und Avurde 
sogleich nachdem das Muttertier gesdilachtet war vom Schl'cht- 
hof abgeholt. Da unter den gegenwartig herrschenden Verhaltnissen 
trachtige Kiihe ausserst selten geschlachtet Averden, war es mir nur 
dieses eine Exemplar aufzubringen gelungen. 


B. Praparierungsmethodik. 

Als Versuchsmaterial Avurden die langen Knochen der vorderen 
und liinteren Extremitaten der Versuchstiere angewandt. 

Die Praparierungsmethodik war AAue folgt: Das Tier vmrde 
durch Decapitation getbtet und in unmittelbarem Anschluss daran 
die A’’erschiedenen Knochen moglichst steril durch vorsichtiges Ent- 
fernen der AA’eichen Teile vermittelst Scheere und scharfen Messers 
sorgfaltig hervorprapariert. Unverzuglich danach— urn mitleben- 
dem KnochengeAA’ebe bei den Versuchen operieren zu konnen 

AAurden die Praparate in eine Inkubationslosung A>^ersenkt, deren 
Menge bei den verschiedenen Versuchen ZAvischen 4.0 und 25.0 cem 
(bei den meisten Versudien 10.0 cem) schAvankte. Als Gefasse dienten 
Probierrohren. Der Spiegel der Losung stand Avenigstens 1 cm 
uber dem Praparate. Die Probierrohren AA^urden hiernach um Ver- 
dunstung zu vermeiden luftdicht mit Baumwollpropfen geschlossen 
und in Gestelle plaziert. Die Inkubation geschah wahrend 24 
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Stunden bei Zimmertemperatur (18 — ^22° C). Nach Ablauf dieser 
Zeit A\'urden die Praparate den Probierrohren entnonimen, mit 
Filtrierpapier abgetrocknet, und auf einer Mikrowage aufgewogen. 
Vor der Inkubation wrden die Praparate nicht gewogen um Aus- 
trocknen zu vermeiden. 

Zur Bezeichnung der bei den in dieser Arbeit erw^ahnten Ver- 
suchen angewandten Knochenpraparate sind die folgenden Ver- 
kiirzungen zur Anwendung gekommen: 

Knochen der vorderen Exiremitdien: 

H bedeutet Humerus 
RU » Radius und Ulna 

Demgemass bedeutet HRU die langen Knochen der vorderen 

Extremitat in einem Block mit intaktem Ellenbogergelenk. 

Knochen der hinferen Exiremildien: 

F bedeutet Femur 
T » Tibia 

FT bedeutet also Femur und Tibia zusammen in einem Stuck mit 

intaktem Kniegelenlt. 


C. Inkubationslosungren. 


Als Grundlosung fiir die Inkubation wurde vorzugsweise Robi- 
sons Losung von folgender Zusammensetzung angewandt; 


NaCl 

6.0 

NaHCOg 

2.2 

KCl 

0.3 

]\IgS 04 . 7 H 2 O 

0.25 


> ad 1000 aq, dest. 


Bei einigen Versuchen Avurde als Grundlosung eine physiologische 
8.5 %-ige Natriumchloridlosung, sowie in einer der Serien destil- 
liertes Wasser angewandt. 

Die Aufnahme von Calcium wrde bei einem Zusatz von CaCIa 
. 6HpO zur Grundlosung studiert. (In den meisten Fallen etwa 11 
mg % Ca). 
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Die entsprechenden Pliosplioruntersuchungeii wurdeii mit 
einem Zusatz von anorganischem Phosphorsalz in der Form von 
Nag HPO4 (nach Sorensen) geiatigt. Als organisches Pliosphor- 
Salz kam Na-Glycerophosphat (Merck) zur Amvendung. Die Konzen- 
tration des Phosphors schwankte zwischen 7 und 50 mg %. 

Die Retention von Calcium und Phosphor in den Praparalen 
wurde in der Basallosung ohne Zusatz dieser Stoffc studiert. 

Alle Ldsungen waren beim Anfange der Vcrsuche frisch her- 
gestellt und klar. In einigen Fallen konntc am Ende der Vcrsuche 
eine schwache Opaleszens in den Losungen infolgedessen, dass 
eine kleine Menge Eiweiss aus den Praparalen herausdiffundierl 
war, beobachtet -werden. Bei einigen Experimenlen mit kompli- 
zierteren Losungen Avurde vor der Inkubation eine sclnvache ini- 
tiale Fallung vermittelst Filtrierung entfernt. 


D. Chemische Bestimmungsmethodik. 

Das Arbe'tsprinzip dcr Vcrsuche Avar auf Grund der Avahrend 
der Inkubation stattgefundenen Veriinderungen in der Calcium- 
und Phosphorkonzentration der Versuchslosungen einen Aus- 
druck fiir die Aufnahme bzAV. Retention dieser Stoffe in den Prii- 
paraten zu finden. 

Die Analyse der Inkubationslosungen auf Calcium und Phos- 
phor Avurde unverzuglich nach Abschluss des Experiments aus- 
gefiihrt. Gleichzeitig Avurde die initiale Konzentration dieser Stoffe 
in der beim Vcrsuche angCAA'andten Inkubationslosung A'ermiltelst 
paralleler Vcrsuche kontrolliert. Mindeslens sechs soldier Kontroll- 
Analysen AA'urden bei jedem Experiment ausgefuhrt. Eine Aus- 
nahme bildeten die Vcrsuche, in denen die Retention von Calcium 
und Phosphor in den Grundlosungen studiert AATirde und bei denen 
dieselben ein fur allemal kein Calcium und Phosphor zu enthalten 
sich erwiesen. 

a) Die Bestimmung von Calcium Avurde gemass der Avohlbe- 
kannten titrimetrischen Methode von Kramer und Tisdale (1 921) 
ausgefuhrt, AA'elche nach geAA'issen Abanderungen sich als die brauch- 
barste erAV’iesen hatte. Bei dem Ausfallen von Calciumoxalat enA’ies 
es sich als notAvendig die Fallungsc auer bis auf 24 Stunden aus- 
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zudehnen, da bei kvirzerer F^lungzseit die Bestimmungen keine 
sicheren Werte ergaben. Urn die Empfindlichkeit der Methodik 
zu erbohen, wiirde beim Titrieren des ausgefallten Oxalats eine 
1/200 — 1/250 n Kaliumpermanganatlosung anstatt der vor- 
geschriebenen 1/100 n Losung angewandt. Nacli langen Dbungen 
gelang es eine- fur den Z-vveck der Versuche befriedigende Empfind- 
liclikeit dieser Bestimmungsmethode zu erreichen. Somit wurde 
in Kontrollserien mit 10 — 11 mg %-igen Calciumstandardlosun- 
gen gewohnlichein 1 % untersteigender Durchschnittsfehler erhalten. 

b) Die BesUmmung des Phosphors geschah photometrisch nach 
der ublichen, von Fiske und Subbar o-w (1925) beschriebenen und 
von Lohmann und Jendrassik (1926) modifizierten Methode. 
Vor der Bestimmung wurden Spuren von Ehveiss in der Inku- 
bationslosung durch einen Zusatz von 4 ccm 10 %-iger Trichlores- 
sigsaure pro 1 ccm Losung entfernt. Bei der Bestimmung des ini- 
tialen Phosphorgehalts der Inkbationslosung wurde, obgleich 
kein Ehveiss vorhanden -war, dasselbe Verfahren der Gleichfor- 
migkeit wegen angewandt. 

Der . anorganische Phosphor wurde gemass der obenerwahnteji 
Methode unmittelbar aus dem Trichloressigsaurefiltrat bestimmt. 

Die Bestimmung des organisch gebundenen Phosphors im 
Na-Glycerophosphat geschah nach derselben Methode aus der 
gesamten saureloslichen Phosphorfraktion. Dieser -wmrde nach 
dreiitundiger Verbrennung mit Schwefel- und Salpetersaure 
und nach nachtraglicher Neutralisation mit Ammoniak, wobei 
p-Nitrophenol als Indilcator angewandt wurde, aus dem Tri- 
chloressigsaurefiltrat berechnet. 

Bei direkter Bestimmung von Phosphor aus Na-Gtycerophos- 
phat enthaltenden Ldsungen konnte kein Phosphor nachgewiesen 
werden. Na-Glycerophosphat ist, wie bekannt, eine iiusserst stabile 
Verbindung, aus welcher Phosphor sich schwerlich hydrolysieren 
lasst. Zur Beleuchtung dieses Sachverhalts wurde in einer Kontroll- 
Serie eine Na-Gtycerophosphat enthaltende Losung (10 mg % P) 
mit 2n Salzsaure in geschlossenen Probierrohren im Wasserbade 
bei 100°behandelt. Keine Abspaltung von Phosphor kam jedoch 
nach einer Hydrolysierungsdauer von bis auf 6 Stunden vor. 
Vollstandige Hydrolyse fand erst nach dem obenerwahnten Ver- 
brennungsverfahren statt. 
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Das Blut der Meerschweinchen wurde im Zusammenhange 
mit einigen der Versuche aufgehoben und Calcium aus dem Serum, 
sowie die anorganisclien und organischen Phosphorfraktionen aus 
dem Vollblute nach dem obenerwahnten Verfahren bestimmt. 

Die folgenden Verkurzungen -wurden in alien Versuchen der 
Bestimmungen von Phosphor anegewandl: 

anorg. P bedeutet den vermittelst der Fiske-Subbarowschen 
Methode direkt bestimmbaren anorganischen Phosphor. Somit 
ist der in Na 2 HP 04 . 2H„0 enthaltene Phosphor in dieser Frak- 
tion einbegriffen. 

org. P bedeutet den organisch gebundenen Phsphor in Na- 
Glycerophosphat. 

TCE — P ist der gesamte, aus den Trichloressigsaurefiltrat nach 
Verbrennung bestimmte, saurelosliche Phosphor. Der in Na-Gly- 
cerophosphat gebundene Phosphor ist also in TCE — P bei Ver- 
suchen, in denen Na-Glycerophosphat als Subslrat zur Amvendung 
kam, enthalten. 



IV. Versuche und Ergebnisse. 

A. Aufnahme tind Retention von Calcium und 
Phosphor in normalen Knochen. 

Im Folgenden -wird uber orienlierende Versuche, die die Auf- 
nahme und Retention von Calcium und Phosphor in Knochen 
normaler Ratten und Meerschweinchen beleuchten, Bericht er- 
slattet. Da wahrscheinlich eine Weehselwirkung im Calcium- und 
Phosphorstofhvcchsel der Knochensubstanz besteht, habe ich es 
ftir notig crachtet, die Aufnahme von Calcium und von Phosphor 
anfiinglich getrennt zu untersuchen. Bei diesen Versuchen wurde 
also den basalen Inkubationslosungen entweder nur Calcium 
Oder ausschliesslich Phosphor zugefiihrt, urn die Affinitat des 
Knochens zu den genannten lonen moglichst genau studieren zu 
konnen. 

Anfanglich hattc ich die Absicht, eine aufgenommene, bzw. 
abgcgebene Calcium- und Phosphormenge per Gewichtseinheit der 
Praparatsubstanz zu berechnen, um cinen einheitlichen Ausdruck 
fiir den in den Praparaten vorsichgegahgenen Calcium- und Phos- 
phorstofRvcchsel zu finden. Es civvies sich jedoch, dass diese Cal- 
cium- und Phosphonvcrle, obgleich sie im allgemeinen am hochsten 
in den grosseren Praparaten Nvaren, in keinem exakten mathema- 
tischen Verhaltnis zum Gewicht dcr Praparate standen, weshalb es 
mir als angeraten erschien, die Calcium- und Phosphorwerte, sowie 
die Praparatengewichte in absoluten Massen aufzugeben. In 
Anbelracht jedoch des verhiiltnismassig grossen Unterschiedes 
im Gewicht der Vorder- und der Hinterbeinspriiparate wurde der 
Calcium- und Phosphorstoffwechscl in denselben getrennt be- 
rechnet. Ein solches Verfahren erschien desto mehr berechtigt 
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zu sein, da Hammett (1928) liat Vcrschicdenheilcn in dcm Ai^chon- 
Gehalt dervordercn und hintcren Extrcmil.'ilsknoclicn von Ratten 
beobachlen kdnncn. 


1. Aujnnhmc von Calcium. 

In den folgendcn Vcrsncliscricn isl die Adsorption von Calriuin 
in 16 Knochenpraparaten von insgesaint 9 nonnalcn Ratten heo- 
bachtet worden, wobei 8 l)asale. Inkubationslbsiingen, n.-indirb 
dcslilliertcs Wasscr, 0.85 %-ige Natrimnkloridlb.sung, sowic die 
Grundlo.snng Rodisons znr Anwcnidung gekoinmen .sitnk Dcr 
CalciumgebalL in dicsen Losungen bctnig 10 — 11 mg % (nb.soliiie 
Mcnge 0,1—0.11 mg Calcium). Die Menge der Inknbalionslbsungen 
war je 10 ccin. 


TABELLE 1. Aiifnahrne voti Cnlcitirnjn 
(10 cem ilesrillkTU's AVns'icr) 


Nr. 

Knoclien 

Gewiclit dc^ 
Prripnrnt': 
niR 

Inilinlcs C:» 
niR % 

Fituiies Cn 
mu % 

Anfcerinrn* 
tnencA Ca 
m« 

R 1 

HRU 

210 

10.0 

9,.'. 

0.03 


HRU 

210 

10.0 

9.3 

0.07 

R 2 

HRU 

280 



0.02 


FT 

GOO 



0.08 

R 3 

HRU 

•190 





FT 

1 35.“> 


9.1 


Durchschnittswert : 





Vorderbeine 

313 


9.5 

0.05 

Hinterbeine 

1008 

mmoiim 

9.2 

O.OS 


Alls den Tabellen 1 — 3 isl zu erseben, dass eine Aufnnhme 
von Calcium in die Knochenprilparale bci alien Vcrsuchen statt- 
gefunden hat. obglcicli die analytischon Unterschiedc verhiiltnis- 
massig klein sind. Bei dcnVcrsuchcn envies cs sich,dass die grusseren 
Hinterbeine, absolul gemessen, mebr Calcium als die klcinercn 
Vorderbeine aufnahrnen. Was die aufgenommcne Calciumincngc 
selbst betrifft, so scheint dieselbe von der Zusammcnsctzuii'T dcr 
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TABELLE 2. Aufnahme von Calcium in Rallenknochen. 
(10 ccm physiologische Natriumchloridlosung) 


Nr. 

Knochen 

Gewicht des 
Praparats 
mg 

Initiales Ca 
mg % 

Finales Ca 
mg % 

Aufgenom- 
menes Ca 
mg 

R 4 

HRU 

n 

■1 

10.5 

n 


FT 



10.1 


R 5 

HRU 

HH 

■EH 

10.6 

0.02 


FT 



9.8 

0.10 

R G 

HRU 

S90 

HH 

10.3 

0.05 


FT 

950 


9.6 

0.12 

Durchschnittsvert; 





Vorderbcinc 

737 


10.5 

0.03 

Hintcrbeinc 

1027 

10.8 

9.8 

0.10 


TABELLE 3. Aufnalime von Calcium in Rallenknochen. 


(10 ccm Robisons Grundlosung) 


Nr. 

Knochen 

Gewicht dcs 
Praparats 
mg 

Initiales Ca 
mg % 

Finales Ca 
mg % 

Aufgenom- 
menes Ca 
mg 

R 7 

HRU 

mM 

n 


0.08 

R 8 

FT 



9.6 

0.14 

R 9 

HRU 


MBSM 

10.5 

0.05 


T 

850 

11.0 


0.03 

Diirchsclmittswert; 




■M 

Vorderbcinc 

785 

11.0 

10.4 


Hinterbcine 

875 

11.0 

10.2 



basalen Inkubationslosung in keinem nennenswerten Ausmasse 
abzuhangen. 

2. Retention von Calcium. 

Zur Beleuchtung dieses Problems wurden in den nachfolgenden 
Experimenten Knochenpraparate normaler Ratten in 10 ccm 
0.85 %-iger Natriumchloridlosung ohne Zusatz von Calcium inku- 
biert. Bei diesem Versuche wurden 11 Knochenpraparate von 
9 Ratten angewandt. 
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TABELLE 4. Retention von Calcium in Raitenknochcn. 
(10 ccm physiologische Natriumchloridlcisung) 


Nr. 

Knochen 

Gewicht des 
Praparats 
mg 

Initinlcs Ca 

mg % 

Finales Ca 
mg % 

Abgegebcnes 
Ca mg 

R 10 

HRU 

555 

0 


0.47 


HRU 

645 

0 


0.32 


FT 

1090 

0 


0.56 


FT 

1195 

0 


0.44 

R 11 

HRU 

550 

0 

4.0 

0.40 


HRU 

620 

0 

4.2 

0.42 


FT 

1300 

0 

5.4 

0.54 

R 12 

HRU 

570 

0 

5.2 

0.52 


HRU 

540 

0 

4.9 

0.49 


FT 

1450 

0 

5,1 

0.51 


FT 

1300 

0 

5,8 

0.58 

Durchschnittswcrt : 

■M 




Vorderbeine 


0 

4.4 

0.44 

Hinterbeine 

mBm 

0 

5.3 

0.53 


Die Tabelle 4 zeigt deutlich, dass eine Auswanderung von 
Calcium aus normakn Knochen in die dieselben umgebende physio- 
logische Natriiimchloridlosung stattgefunden hat. Die aus den Vor- 
derbeinen abgegebene Calciummenge scheint im Yerhaltnis zum 
Gewicht des Praparats am grossten zu sein. 


3. Aufnahme von anorganischem Phosphor. 

Bei der Untersuchung der Fahigkeit normaler Knochen an- 
organisches Phosphat aufzunehmen sind in den folgenden Experi- 
menten 30 Knochenpraparate von 4 nornialen I\Ieerschweinchen 
zur Anwendung gekonunen. Die jNIenge der Inkubationslosung var 
je 10 ccm. 

Aus der Tabelle 5 geht deutlich hervor, dass Knochen normaler 
Meerschweinchen die Fahigkeit anorganischen Phosphor aus 20— 
50 mg %-igen Phosphorlosungen aufzunehmen nicht zu besitzen 
scheinen. IMit der Ausnahme von 3 Fallen, in denen der finale anor- 
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TABELLE 5. Aufnahme von anorganischcm Phosphor in Meerschweinchenknochen. 


(10 ccm Robisons Gnindlosung) 
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ganische Phospliorgclialt gegcnulicr deni inilialen ein wcnig vcrrin- 
gert war, zeigl. die iibcnviegendc Mehrlicit der Vcrsuche Wcrtc auf, 
welche darauf dcuten.dass, umgesetzl, anorganischer Phosphor in 
■die Inkuhationsldsmig ansgcwandcrL war. Ausser dcm ausgesciiie- 
denen anorganischcn Pliosphor waroii in einigen Fiillen kleinc Men- 
gcn organisch gcbundenen Phosphors in die utngcbendc Lbsiing 
wiilircnd dor Inkubalionszeil obenso ausgewandert, Soniit. lint kein 
Versucli aufzuweisen, dass dcr gesanile saureluslichc Phosphor 
wahrend dcr Inlaibalion in der lungebcndcn Lbsung cine Wrniin- 
dcrung erfahren hiitle. 

Die licobaciitung, dass Knoclicn nonnaler Meerschweinchen 
die Fahigkeil anorgaiiisclien Phosplior aufzunehmen nichl zu iie- 
silzcn scheinen, beslaligl cine friiherc Wahrnchinung, in dcr diesrliie 
Erscheinung bci cnlsprcchcndcn Inknlialionsvcrsnchen wit P«aUcn- 
Knochen fcslgcslcllt werden konnlc (v. Kiiamkh, I.andtaias'. 
SiMOLA 1910, 1041). Bci diesen Versnehen wurde cine Phosjihnr- 
konzcnlralion von Ids auf 100 nig % angcwandl. 

4. Aujimhmc von orgaimchan Plmplwr. 

Die Bcobachlung, dass Knoclicn nonnaler .Mccnschwcinrhcn 
koine .*Vufnahnicrahigkcit fiir nnorganisclien I^hosplior zn be- 
silzen scheinen, gab Anlass zn Versnehen, in denen organiscli 
gebundener Phosphor als Snbslrat in den InkubalionsUisungen 
angewandt wurde. In den in der Tabelie (5 nngcffihrten Versnehen 
wurde die Aufnahnic von Na-GlyccrophosjihaL in Knochen von 
nornialcn kleerschwcinchen aus der Grnndlbsnng Ronisoss stndiert. 
Diese orienlicrende Unlcrsnchungen ninfasslcn insgcsainl 12 
Knochen zweier Meerschweinchen. 

Ein Obcrbliclc dcr in Tabelie. 0 angerfihrlon Ergebnissc zeigl, 
dass in alien Versnehen cine deullich naehweisbare .-Vnfnahnie von 
organisch gebundenem Phosphor stall gefunden hal. 

Nach der Inkubalion konnlc in der Vorsiichslbsung. welche 
anfanglich keinen Phosphor in einer direkt bestimnibaren Fonn 
enthiell, bei den verschiedenen Versnehen anorganischer Phosphor 
in lAIengen von etwa 8—9 mg % nachgewiesen werden. Der Ur- 
sprung dieser direkt beslimmbaren Phosphorfraktion diirflc teil- 
weise darin zu suchen sein, dass ein Toil dcs organisch gcbundenen 
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TABELLE 6. Aufnahmc von organischetn Phosphor in Meerschweinchenknochen. 


(10 ccm Robisons Grundlosung) 


Nr. 

Knochen 

Gewicht des 
Prfiparats 
mg 

Initialcr 
org. P 
mg % 

Hnaler 
TCE-P 
mg % 

Finalcr 
anorg. P 
mg % 

Aufgenom- 
mcner P 
mg 

jr 5 

H 

1100 

18.0 

13.0 

8.0 

0.50 


H 

1130 

18.0 

14.3 




RU 

700 

18.0 

14.7 


0.33 


RU 


18.0 

15.1 

9.4 

0.29 


F 

1700 

IS.O 

16.0 

9.2 

0.20 


F 

1700 

18.0 

13.4 

8.7 

0.46 


T 

1150 

18.0 

13.8 

8.2 

0.42 


T 

1170 

18.0 

16.5 

9.2 

0.15 

M G 

H 

7G0 

18.4 

14.2 

6.8 

0.42 


RU 

520 

18.4 

15.2 

7.8 

0.32 


F 

12G0 

18.4 

14.7 

8.5 

0.37 


T 

850 

18.4 

14.2 

8.0 

0.42 

Durclisclinlllsv.ert: 






Vorderbcinc 

827 

18,1 

14.4 

8.2 

0.37 

Hintcrbeinc 

1305 

18.1 

14.8 

8.6 

0.33 


Phosphors infolge des hydrolysierenden Einflusses der Knochen- 
Phosphalasen wiihrcnd der Inkubalion in der Versuchslosung 
zerselzt -wird. Audi kann die Moglichkcit in Erwiigung kommeib 
dass wenigslens ein Teil dieses anorganischcn Phosphors aus den 
Knochen in die Inkuhationslosung ausgewandert sein diirfte. 
Im Folgenden wird diesc letztere Moglichkcit naher untersucht 
werden. 


5. Relention von anorganischcm Phosphor. 

In tibereinstimmung init den Ycrsuchcn, in denen die Retention 
von Calcium in Knochcnpraparatcn studierl wurde, ist in den ent- 
sprechenden Experimenten iiber die Relention yon anorganischcm 
Phosphor in Knochen eine 0.85 %-ige Natriumchloridlosung zur 
Inkubation angewandt vorden. Drcien Ratten entnommene 12 
Knochenpraparate sind hier zur Anwendung gekommen. Ebenso 
wie in den bisher beschriebcnen Experimenten betrug die Menge 
der Inkubationslosung jo 10 ccm. 


4 
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TABELLE 7. Eclcntion von anorganischem Phosphor In liaUrnknochen. 


(10 ccm pliysIoloRisclic NalrlumchlorltllOMUiR) 




Gcwichl des 

Inltlalcr 

Fin.'ilcr 

Ahgcgcbener 

Nr. 


PrSpnrnls 

mg 

anorg. P 
mg % 

anorg. P 

mp % 

anorg. P 
mg 

R 10 

HRU 

55.") 

0 

2.4 

0.21 


HRU 

G4.’) 

0 

2.0 

0.20 


FT 


0 

3.4 

0.34 


FT 

1195 

0 

3.8 

0.38 

R 12 

HRU 

570 

0 

3.8 

0.38 


HRU 

5-10 

0 

3.3 

0.33 


FT 

1450 

0 

4.8 

0.48 


FT 

1300 

0 

4.1 

0,41 

R 13 

HRU 

C50 

0 


0.33 


HRU 

050 

0 


0.20 


FT 

1485 

0 

0.0 

O.GO 


FT 

1505 

0 

0.8 

0.0.8 

Durchschnillswerl; 





Vordcrlieinc 

602 

0 

2.9 


Hinlerbelne 

1338 

0 

4.8 



Die Tabelle 7 zeigt in den gcsamlen Fallen einc deiitlich nach- 
weisbare Auswanderung von anorganischem phosphor aus den 
Knochenpraparaten in die Inkubationsldsving auf. Dor Phosphor 
scheint somit, ahnlich wie cs mil Calcium dcr Fall ist, in der 
I^ochensubstanz nicht stabil fixiert zu scin, da cin Teil dcssclbcn 
in das umgebende Medium frei auswandern kann. Die abgegebcne 
Phosphormenge scheint in den Yersuchen mit dem Gcwichte dcr 
Knochenpraparate einigermassen proportional zn scin. 


B. Calcium- und Phosphorstoffwechsel im 
Kuorpelgewebe. 

In den folgenden Yersuchen vnirde die Aufmerksamkeit auf 
das Studium des j\Ietabolism,us von Calcium und Phosphor im J\nor~ 
pekewebe gegeniiber dicsem Stoffwechscl in dcr Knochensubstanz 
gerichtet. Zu diesem Zweeke warden eincm Kalbembo'o die 
langen Knochen der Extremilaten entnommen, welche geniigend 
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Abbildung 1. 


gross waren um die Inkubation der Knochen- und Knorpelteile 
getrennt zu ermoglichen. Die Epiphysenknorpeln waren schwach 
durchsichtig im Gegensatz zu den Diaphysen, welche das Aussehen 
von fertig ausgebildetem Knochen batten. Die Isolierung der 
Epiphysen wurde durch einen Schnitt mit einer Rasierldinge der 
Gre’nze zwischen dem Knorpel und Knochen entlang bewerkstel- 
ligt. Die Schnitte hinterliessen keine blutenden Flachen, In der 
obigen schematischen Zeichnung stellen die Strichlinien die 
zwecks Abscheidung der verschiedenen Praparate gemachten 
Schnitte dar. 

Insgesamt kamen 27 Praparate zur Anwendung (12 Knochen- 
und 15 Knorpelpraparate). Die Numerierung und Verteilung der 
Praparate gehen aus der Tabelle 8 hers^or. 

Beim Studium des Calcium- und Phosphormetabolismus in den 
Epiphysen- und Diaphysenpraparaten war, ebenso wie in den 
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TABELLE 8. Numerientnff unci Vcrteitimg der Prdparate. 





P r fi p a r 

n t c 

der 



Vordcrbclnc 

Hlnlcrbclnc 

dx 

sfn 

clx 

sin 

Nr. 

Prapnrat 

Nr. 

PrSparat 

Nr, 

Prfipnrat 

i 

Prflparat. 


A 

8 

A-fC 

U 


21 

K-f.V 


B 

9 

B 

15 

L 


L 


C 

mm 

D + F 

36 

N’ 


N 

4 

D + F 

Bi 

E 

17 

0+R 

24 

04-R 

5 

E 

IB 

G+r 

18 

P 

25 

P 

6 

G + 1 

D 

H 

19 

S4-U 

2C 


7 

H 

mi 


20 

T 

27 

T 


friiheren Versuchen, die Aufmerksamkcit sowohl ouf die Aufnalime 
wie auch auf die Retention dicser Stoffe gerichtel. Die Inkubation 
geschah in 50 cem fassenden Probierrohren, cnthaltend 25 com 
LSsung. 


1. Aufnahme von Calcium und Phosphor. 

Die Aufnahme von Calcium und Phosphor \vurde in den 
den rechten Extrenutiilen entnonnnenen Praparaten slndiert. 
Als Grundlosung vmrde bei diesen Versuchen die Robisonsche 
Basallosung angewendC Avelcher Calcium, sonde organischcr und 
anorganischer Phosphor zugefhhrt mirden. Bei der Hcrstcllung 
der Inkubationslbsung entstand cine schwach bemerkbare an- 
fangliche Triibung, welche vor den Versuchen vcmiiltclsl Fil- 
trieren beseitigt nmrde. Die klarc, filirierle InkubationslOsung 
enthielt Calcium und Phospor in foigenden !Mengen: 


Cads • 6 H.O 
Na 2 HP 04 •2HaO 
Na-Glycerophosphal 
[TCE-P 


12.0 nig % Ca (absolute IVfengc 3.00 mg Ca) 

4.4 » » P ( » I 10 p p) 

2-9 » » P ( 0.73 » P) 

^•3 » » P ( t> » 1.83 P P)} 


Aus den Tabellen 9 und 10 gehl hen-or, dass die Knorpelpriipa- 
rate bedeutend mehr Calcium und Phosphor als die Knochen- 
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TABELLE 9. Aufnahme von Calcium and Phosphor in Knochendiaphysen. 

(25 ccm Robisons GrundlSsung) 


Nr. 

Gewicht des 
PrSparals 
mg 

Finales 

Ca 

mg % 

Aufgenom- 
menes Ca 
mg 

Finale 
TCE-P 
mg % 

Finaler 
anorg. P 
mg % 

Aufgenom- 
mener P 
mg 

2 




e .8 

6.8 

0.13 

5 




6.2 

5.6 


7 

3-100 

■Rjl 


7.2 

7.2 

WBM 

15 

5000 


0 . C 8 

6.3 

6.3 

0.25 

If) 

5200 

11.8 

0.05 

5.9 

5.9 

0.35 

20 

2900 

■a 

0.63 

6.3 

6.3 

0.25 





■■ 




4183 

10,0 

0.50 


6.4 

0.20 


TABELLE 10. Aufnahme von Calcium und Phosphor in Epihijsenknorpeln . 
(25 ccm Robisons GrundlSsung) 


Nr. 

Gewicht des 
Prfiparats 
mg 

Finales 

Ca 

mg % 

Aufgcnom- 
mencs Ca 
mg 

Finaler 
TCE-P 
mg % 

Finaler 
anorg, P 
mg % 

Aufgenom- 
mener P 
mg 

1 

4200 

8.2 

0.95 

4.0 

4.0 



5400 

9.0 

0.75 

5.2 

5.2 



5350 

5.9 

1.53 

4.9 

4.9 

0.60 

6 

4900 

7.0 

1.25 

4.3 

4.3 

0.75 

M 

7200 

8.1 

1.00 


5.9 

0.35 

16 

2700 

5.9 

1.53 


4.6 

0.68 

17 

5800 

8.8 

0.80 


5,3 

0.50 

19 

4000 

11.0 

0.25 


5.7 

0.40 

Dilrchschnltts- 

wert : 

4944 

8.0 

1.01 

5.0 

5.0 

0.58 


Praparate aufgenommen hatten. Die in die Diaphysen aufgenom- 
mene Calciummenge war im Durchschnitt 0.50 mg und die in die 
Epiphysen 1.01 mg. Die entsprechenden Werte fur aufgenommenen 
Phosphor waren 0.20 mg, bzw. 0.58 mg. Das durchschnittlich e 
Gewicht der Knorpelpniparate war etwas hoher (4944 mg) als das 
der Knochenpraparate (4183 mg), jedoch ist in Anbetracht der 
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einzelnen VcrsucUscrgcbnisse dicsc Diffcronz so klciii, class sic allcin 
den Untcrscliicd zwischen dcrAufnahme von Calf-iunuind Phosphor 
kaum motiviercn kdnnlc. Bci alien Vcrsiichcn mil Ansnniunc 
der Nr. 5 land sich nacli der Jnkiibalion die ganzc Pliosphorrncnge 
in anorganischer, direki besliinmbarer I'onn in der Vcrsuchsl6s\ing 
vor. Nur in den Vcrsuchcn 1 und G unterstieg der finale gesamte 
Phosphorspicgel die inifiale anorganische Phosphormenge der 
Inkubationslosiing (k ! mg % P). was vicllcichl damit crklarl 


TABELLE II. Retenlion von Calcium und Phosphor in Knochcndinphtjsrn, 
(25 ccin Robisons Gnmdlosunp) 



TABELLE 12. Retention von Calcium und Phosphor in npiphtjsenkncrpeln. 
(25 cem Robisons GrundlOsunp) 


Nr. 

Gewicht des 
PrSparats 
mg 

Finales 

Ca 

mg % 

Abgcgc- 
bcncs Ca 
mg 

Finalcr 
TCE-P 
i mg % 

Finnlcrj 
anorg.P 
mg % ; 

Abgcge- 
bener P 
mg 

8 i 

1 

7000 


n 

1 

1.5 j 

1.5 j 

0.3S 

10 

5900 



1.8 

l.S j 

0.45 

12 

3400 

4.0 1 

■h 

3.4 

3.4 i 

0.85 

21 

6700 

4.9 

1.23 

2.6 

2.C i 

0.65 

23 

2800 

3.9 

0.95 

2.2 

2.2 i 

0.55 

24 

4100 

4.8 

1.20 

3.2 

3.2 i 

0.80 


3300 

3.9 

0.98 

2.4 

2.4 

O.CO 



i 


■i 




4743 

4.6 

1.15 

B 

2,4 

0.60 
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werden konnle, dass die Praparate vorzugsweise Phosphor in 
organischer Form aufgenommen hatten. Andercrseits diirfte 
auch die ]\I6glichkeit nicht ausgeschlossen werden konnen, dass 
anorganisclier Phosphor vom Glycerophosphat infolge der Phos- 
phatasewirksamkeit in den Pniparaten abgespaltet worden ist. 

2. Rdcniion von Calcium imd Phosphor. 

Die Retention von Calcium und Phosphor wurde in den 
den linken Extremitaten entnommenen Knorpel- und Knochen- 
Pniparate studiert. 2ur Inkubation wurde die Grundldsung 
Robisons ohne Zusatz von Calcium oder Phosphor angewandt. 
Die Ergebnisse sind aus den Tabellen 11 und 12 ersichtlich. 

Ein Vergleich der Ergebnisse dieser beiden Versuchsserien 
zeigt, dass die Knorpelpraparaten Calcium und Phosphor besser 
als die Diaphysen fixiert haben. Obgleich das Durchschnittsge- 
wicht der Epiphysenpraparate (4743 mg) etw'as hoher als das der 
Diaphysen (4650 mg) war, gabcn die crsteren an die Inkubations- 
L6sung durchschnittlich weniger Calcium und Phosphor (1.15 mg 
Ca, 0.60 mg P) als die letzteren (1.65 mg Ca, 1.00 mg P) ab. Der 
ausgewanderte Phosphor lag, ausserin den Versuchen mitKnochen- 
Praparaten NNr. 11 und 27, nur in anorganischer, direkt bestimm- 
baren Form vor. Abgesehen von einer rein physilolischen Aus- 
wanderung von nur a'norganischem Phosphorverbindungen aus 
den Praparaten besteht auch die Moglichkeit, dass die Ober- 
fiihrung dieses Phosphors in die Losung in irgendeinem Verhaltnis 
zur Phosphatasealctivitat in den Prhparaten steht. 


C. Der Binfluss von gewissen Zellengfiften auf die 
Aufnahme und Retention von Calcium und Phosphor 
im Knochengfewehe. 

Urn im Ranien dieser in \dtro ausgeftihrten Versuche dem 
Mechanismus des Calcium- und Phosphorstoffwechsels, wenn 
moglich, besser auf die Spur zu kommen, wurde im Folgenden die 
Aufmerksamkeit auf das Studium der Adsorption und Retention 
von Calcium und Phdsphor in den Praparaten in der Anwesenheit 
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geAvisser Zellengifte in der Inkubationslosung gericlitel, Als 
solche Stoffe warden Fornialdchyd und in eincm der Versuche 
Toluol angewandt, welchc, wie bckannl, cine loxische Wirknng 
auf verschiedene biochemischc Prozessc ausiiben. 

Die Methodik der Versuche war wie folgt; Eincn und denselbcn 
Tieren — 8 Meerschweinchen kamcn bei diescn Vcrsuchen zur 
Anwendung — wurden die homologcn Extrcmiliilsknocben fur 
zwei Versuchsserien entnommen. Die gcsanitc Anzahl der Priipa- 
rate war 64. Die Aufnabme und Retention von Calcium und Phos- 
phor geschah in den beiden Sericn unter im tjbrigen glcichcn Bedin- 
gungen, mit dem Unterschiedc aber, dass in cincr der Scrien dcr 
Inkubationslosung Zellengift zugeftihrt wurde. Der L6sung der 
anderen Serie wurde eine entsprechende Yolummcnge physiolo- 
gischer Natriumchloridlosung hinzugefflgt. 

a. Die Wirkmg von Formaldehyd auf die Auf nahmc von Calcium 
und organischem Phosphor. Die Tabellc 13 zeigt die Aufnabme von 
Calcium und Phosphor in insgesamt 24 Knochenpriiparaten von 
3 Meerschweinchen. Die homologen Knochen der verschiedenen 
Tiere wurden hierbei auf zwei Serien verteilt, in eincr von denen 
die InkubationslSsung 3.5 % Formaldehyd cnthielt. Als Basal- 
Losung Avurde die Grundlosung Robisons angcAvandt, Avelche nus- 
serdem Calciumchlorid und Na-Glycerophosphat als Substrate 
enthielt. Die initiate Calciumrrcnge variierte zAvischen 12.5 — 14.0 
mg %, wogegen der Phosphorgehalt 16 mg % war. Die Ergebnisse 
weisen einert auffallenden Unterschied in den beiden Serien auf. 
Indem alle Praparate der Kontrollversuche Calcium aufgenommcn 
hatten — das adsorbiertc Calcium betrug im Durchschnitt in den 
Vorder- und Hinterbeinsknochen 0.13 bzw. 0,16 mg — ist in der 
Formaldehydserie der finale Calciumgehalt der Inkubationslosung 
im Durchschnitt etAA'as holier als der initiale, welches zeigt, dass 
keine Aufnabme, aber eher eine Abgabe \*Qn Calcium aus den 
Knochen statt gefunden hat. Die aus den Knochen der Vorder- 
beine abgeschiedene Calciummenge betrug durchschnittlich 0.05 mg 
und die aus denen der Hinterbeine 0.09 mg. DieseWerte sind zwar 
so Idein, dass man von einer direkten AusAA^mderung von Calcium 
aus den Knochen Avohl kaum reden kann, jedoch erbringen 
sie einen deutlichen Beweis dafur, dass das FormaldehA'd 
den Calciumadsorptionsmechanismus gelahmt hat. Von irgend- 
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welclien nennenswerlen analytischen Felilcrmdglichkeilen kann 
nicht die Rede sein, da es sich bei Konlrollversuchen cnviesen 
hatte, dass das Formaldehyd keinen Einfluss auf die Lmpfindlich- 
keit der Calciumbestimmungen ausiibte. 

Der Unterschied in der Aufnahme von organisch gebundcnem 
Phosphor ist ebenso ausgesprochen. Die Kontrollserie zeigt, dass 
in samtliciien Praparaten eine Aiifnahme statlgefunden hat. Im 
Durchschnitt betrug hier der adsorbierlc Phosphor 0.3G mg fOr die 
Vorderbein- und 0.33 mg fiir die Hinterbeinpriiparate. Dagegen 
fand in der Amvesenheit von Formaldehyd in der ubenviegenden 
Anzahl der Falle eine Auswanderung von Phosphor aus den Knochen 
statt. Die abgegebene Phosphormengc var im Durchschnitt 0.10 
mg fiir die Praparate der Vorder- und 0.12 mg fiir die der Hinter- 
beine. Auffallend ist. ausserdem der Umstand, dass die finale an- 
organische Phosphorfraktion der Inkubationslosung bei den 
Kontrollversuchen durchsehnittlich ungefiihr doppelt so gross 
(3.9 mg %, 4.7 mg %) war wie in der Anwesenheit von Formaldehyd 
(1.6 mg %, 1.9 nig %). Die letztere Serie weist drei Falle auf, in denen 
nach Abschluss des Experiments die Inkubationslosung kein 
Phosphor in einer direkt bestimmbaren Fonn aufwies. Bei 
Kontrollanalysen er\\ies es sich, dass Formaldehyd auf die Emp- 
findlichkeit der Phosphorbestimmung keine AVirkung ausiibte. 

b. Die Wirkung von Toluol auf die Aufnahme von organischem 
Phosphor. In diesem Versuche sind insgesamt 24 Knochenpraparate 
von 3 Meerschweinchen zur Anwendung gekommen. Die Inkuba- 
tionslosung — auch in diesem Falle die Grundlosung Robisons 
— enthielt als Substrat Na-Glycerophosphat (19 mg % P). 

Die aus der Tabelle 14 ersichtlichen Ergebnisse zeigen, dass 
Toluol ebenso wie Formaldehyd auf die Aufnahme von organischem 
Phosphor hemmend wirkt. Eine vollstandige Lahmung der Adsorp- 
tion ist jedoch nicht aufgetreten, da die meisten Praparate Phosphor 
in mehr oder minder grossen Merigen aufgenommen batten, jedoch 
waren die in den einzelnen Versuchen in der Anwesenheit von 
Toluol aufgenommenen Phosphormengen im Vergleich zu denen 
der Kontrollserie beinahe durchgehends kleiner. Die Mittelwerte 
weisen aufgenommene Phosphormengen von 0.44 mg und 0.33 mg 
in den Kontrollpraparaten auf, wogegen die entsprechenderi Zahlen 
in der Toluolserie 0.11 und 0.05 mg sind.' Die finale anorganische 
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T^BELLE 15. Der Einfluss von Formaldchijd (3.5 %) auf die detention von Calcium und Phosphor in Mecrschwcinchenknochen. 

(10 ccm Robisons Grundlflsung) 


60 

































TIEREXPERIMEKTELLE UNTERSUCHUNGEK VEER DEN CALCIUM U.S.W 61 

Phosphorfraktion \sdes bedeutende Schwankungen auf, aber war 
durchschnittlich etwas grosser als in dem vorherigen Experiment, 
jedoch batten auch in diesem Falle die Kontrollversuche im Durch- 
schnitt etwas hohere Werte als in der »Vergiftungsserie» aufzu- 
weisen (7.4 und 8.0 mg % gegen 7.3 und 7.6 mg %). Gleich 
dem Formaldehyd erv\1es sich auch das Toluol auf die Empfind- 
bchkeit der Phosphorbestimmungen keine storende Wirkung 
auszuuben. 

c Die Wirkung von Formaldehyd auf die Retention von Calcium 
und Phosphor. Die Tabelle 15 zeigt die Wirkung von Formaldehyd 
auf die Retention von Calcium und Phosphor in normalen Meer- 
schweinchenloiochen. Insgesamt wmrden zweien Tierchen entnom- 
mene 16 Praparate zu diesen Versuchen angewandt. 

Ein Vergleich der Ergebnisse dieser beiden Serien zeigt, dass 
die Knochen in Anwesenheit von Formaldehyd an die Inkubations- 
Losung konsequent etwas mehr Calcium als die homologen Prapa- 
rate der Kontrollversuche abgaben (im Durchschnitt 0.17 und 
0.21 mg entgegen bzw. 0.22 und 0.27 mg). Dieser Unterscliied 
ist mehr auffallend, was die totale abgegebene saurelosliche 
Phosphorfraktion betrifft (durchschnittlich 0.29 mg und 0.35 mg 
in der Kontrollserie, aber 0.41 mg und 0.66 mg in der Anwesenheit 
von Formaldehyd). Auffallend ist ausserdem der Umstand, dass der 
bei den Kontrollversuchen ausgeschiedene Phosphor zum grossten 
Teil in anorganischer Form vorlag, Avogegen derselbe in der Formal- 
dehydserie nur annaherend die Halfte der Phosphorfraktion aus- 
machte, Avas vielleicht teilAA^eise als ein Ausdriick einer gestorten 
Phosphatasetatigkeit in den Knochen aufgefasst AA'erden kann. 


D. Bakterienkontrolle. 

Obgleich die Versuche so sauber wie moglich ausgefuhrt Awir- 
den konnten sie dennoch nicht unter A^ollkommen sterilen Verhalt- 
nissen ausgefuhrt Averden. Bei dem Praparieren des Versuchs- 
Materials wnirden den Praparaten unfreiAAillig durch Beruhrung 
der Hande des Operateurs soAvie aus der umgebenden Luft Bakte- 
rien zugefiihrt. Um annaliernd beurteilen zu konnen, um AA^elche 
Bakterienmengeri es sich bei den Versuchen gehandelt haben 
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TABELLE 16. BaklerienzQchiung aus Versuchslosungen nach abgcsclilossener 

Inkubalion. 


Versuchsmaterial 

Anzahl dcr samtlichcn 
Kolonien 

Anzahl der Bak- 
terien pro ccm der 
InkubationslSsung 

Tabclle 

Praparnl 

24 Stunden 

48 Stunden 

13 (Kontr.) 

M 7 H 

28 


2800 


» T 

15 


1500 

15 (Kontr.) 

M 13 RU 

1 


100 

6 

T 

39 


3900 


M 14 H 

4 


4000 

14 (Kontr.) 

M 11 F 


64 

6100 

)> 

M 12 H 


7 

700 

]> 

0 F 


4 

400 

d 

» T 


2 

200 


kann, warden im Zusammenhange mit einigen dcr Expcrimente 
Bakterienzuchtungen aus den Inkubationslosungen vorgenommen. 
Die Bestimmungen wairden unter moglichsl slcrilen Vcrhallnissen 
in folgender Weise ausgefiihrt: Nach Abschlicssung der Inkuba- 
tion wurde die Versa chslosung mil destilliertcm und slcrilisiertem 
Wasser im Verhiiltnis 1: 100 verdunni. Einem ccm dieser Losung 
wurde gewohnlicher bakteriologischer Agar in ProbierroUre auf 
Wasserbade bei 46° C zugefiihrl. Der Inhalt wurde hiernach in 
Petri-Schalchen gegossen und in ein Thermostat bei 37° C abge- 
stellt. (Die Agarschicht hatte eine Dicke von durchschnittlich 
2 — 3 mm). Die Ablesungen wrden in einer Serie nach 24 und in 
einer anderen nach 48 Stunden bewerkstelligt, wobei die Anzahl 
der gesamten Bakterienkolonien festgestellt wurde. Die Resultatc 
dieser Ablesungen sind aus der Tabclle 16 zu ersehcn. 

Bei der makroskopischen Untersiichung der Kolonien erwiesen 
sich dieselben hauptsachlich aus Staubbaklerien zu bestehen, 
welche offenbar walirend der Praparierung zugekommeu waren. 
Die annalierende Zahl der Bakterien pro ccm InkubationslQsung 
schwankte bei den verschiedenen Yersuchen zwischen 100 und 
6400. Diese geringe Anzahl diirfle dadurch erklarl werden, dass 
die Bestandsteile der Inkubationslosungen, ausser Spuren von im 
Laufe der Inkubation aus den Praparaten ausgewandertem Eiweiss, 
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an sich selbst einen ausserst schlechten Nahrboden fiir Bakterien 
darbieten. Man diirfte wahrscheinlich sagen konnen, dass diese 
Bakterienmenge wobl kaum irgendwelche Rolle, sei es bei der 
Aufnahme oder bei der Retention von Calcium und Phosphor in 
den Praparaten gespielt haben konnte. Die IMoglichkeit, dass die 
Bakterien Na-Glycerophosphat in Yersuchen, wo dieses als SubstraL 
zur Anwendung gekommen ist, hydrolysieren konnten, durfte 
wohl auch infolge der geringen Menge der Bakterien, sowie in An- 
betradit der kurzen Inkubatiorisdauer ausgeschlossen werden 
konnen. Diese Annahme durfte eine weitere Stutze in der friilicr 
erwiilinten Beobachtung finden, dass Losungen .von Na-Glycero- 
Phosphat, obwohl in niclit sterilen Verhaltnissen aiifbewalirt, kein 
Phosphor in direlct bestimmbarer Form enthielten. 


E. Besprechung der Versuchsergebnisse mit nor- 
malem Knochenmaterial. 

Der Zweck dieser preliminiiren Untersuchungen war einen 
Einblick in den im normalcn Knochengcwebe vorsicligehenden 
Calcium- und Pliosphorstoffwcchsel zu gewinnen. Bei der Beur- 
teihing der Versuchsergebnisse scheint es angebracht allererst 
verschiedene Faktoren zu erwagen, welclie teilweise einen Verlust 
von Calcium bzw. Phosphor aus der Inkubationslcisung vortauschen 
konnten, ohne dass eine dirckte Aufnahme dieser Stoffe in die 
Praparate stattgefunden hatte. Die folgenden hauptsachlichen, 
die Entstehung von Fehlern bedingenden Faktoren, diirften hier- 
bei in Betracht kommen. 

1) Bei der Bcstimmung der Calcium- und Pliosphorverluste aus 
der Inkubationslbsung ist die Gewebefliissigkeit der Praparate 
unbeachtet geblieben. Es ist demnach denkbar, dass ein Teil dieser 
hliissigkeit im Laufe des Versuches aus den Praparaten lieraus- 
diffundieren und dadurch vielleicht eine Verdiinnung der Inku- 
bationslosung bewirken kbnne. Da jedoch der Verlust der Inkuba- 
tionslosung an Calcium und Phosphor in den verschiedenen Ver- 
sa chen zu gross ist, um nur auf diese Weisc erklart werden zu 
konnen, sclieint diese Moglichkeit keine nennenswerle Rolle spie- 
len zu diirfen. Sollte eine soldie Verdiinnung der Versuchslosung 
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stattfinden so scheint es auch schwierig einc Erklaruiig dafiir zu fin- 
deiij dass der Phosphor nur in organischer, ahcriiichl in anorganischcr 
Form aufgenommen wurdc, da cine solche Verdunnung auch im 
letzteren Falle zu einem schcinbaren Pliosphorvcrlusl aus der 
Losung fuhren wiirde. Dicselbc Moliviemng isL auch fur die Beur- 
teihing der Beobachtungen iiber den lahmenden Einfluss des 
Formaldehyds auf die Absorption von Calcium und Piiosplior 
giiltig. Es muss des •\vciteren nodi bcmerict wcrden, dass die 
Salzkonzentration der Versuchslosungen, ausscr in den Serien, wo 
destillieiies Wasser in Anwcndung gekommcn isl, nahezu scrum- 
isolonisch isl, Aveshalb cine Diffusionsvcrschicbung zwisciien der 
GcAvebeflussigkeil und der Inkubalionslosung wenigslens in einer 
beaclilenswerten Menge hochslcns uinvahrschcinlidi isl. 

2) Theoretisch kann man sich die Moglichkcit einer Bindung 
von Calcium und Phosphor an Zersclzungsproduktc baktcriellcr 
Oder autolytischcr Art in den Praparatcn in einer sich dcm Nach- 
weis in der Suspcnsionslosung cntzichcnden Form vorslcllen. Die 
geringc l\Ienge der in dcr Versuchslosung nach abgc.schlosscner 
Inkubation vorkommenden Baklcrien liissl jcdoch cine bcachlens- 
Averte bakterielle Zerselzung der Praparatc al.s unAvahrschcinlich 
A’-orkommen. Eine Bindung durch Zcrsetzung.'^produkte diirflc 
auch die relativ gloichmassigen Wcrle des aufgenommcnen 
Calcium und Phosphor in den A^erschiedcnen Serien soAvic den 
deutlichen Unterschied in der Adsorption der vcrschiedenen 
Phosphorfraktionen kaum erklaren konnen. Es isl scliAver gcnau 
zu beurteilen, aaIc lange das KnochengcAvebe sich im Versuchs- 
jM'ilieu iiberlebt oder, in anderen Worlcn, AA’ie lange dassclbe wlUirend 
der Inkubation seine physiologischen Funktionen bcluilt. .Man durfte 
jedoch damit rechnen konnen, dass dicse Zeit a-oii A’erhaltnismas- 
sig langer Dauer ist. Shipley, Kramer und Hoavlano geben 
z. B. in ihren Vcrsuchen in \dtro auf, dass eine liislologisch 
nacliAveisbare Calcifikation des Epiphysenknorpels von Ratten 
nach einer Inkubationszeit von 2 Wochen bei 37“ Temperatur noch 
A^erspiirt Averden konnte. Mil Aiisnahme der elAvas nicdrigercn 
Temperatur sind die Versuchsbedingungen bei meinen Experimen- 
ten im grossen ganzen dieselben Avie bei dencn der obenerAvahnten 
Forscher gen'esen. Es AA'iire jedoch angebrachl, cinen Unterschied 
im Vergleich mit den friiher im historischen t'bersichl erAviihnlen 
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Yersuchen in vitro hervorzuheben. Walirend bei diesen entweder 
diinne Knochenscheiben oder fein zerteiltes Knochengewebe als 
Versuchsmaterial zur Anwendung kamen, sind in meinen Experi- 
menten^ mit Ausnahme von den Yersuchen mit Knorpelgewebe, 
die Knochenpraparate intakt gewesen, und solche Praparate be- 
sitzen wahrscheinlich -aucli ein grosseres Yermdgen ihre phj^sio- 
lo^schen Funktionen zu bewahren, als in den Fallen, wo sie einer 
vorherigen mechanischen Behandlung unterworfen werden. 

, Yerschiedene Umstande sprechen dafur, dass die Adsorption 
von Calcium und Phosphor schon in nahe.n Anschlusse an die Inku- 
bation beginnt. Robison z. B. hat bei seinen Yersuchen Zeichen 
der Yerkalkung von Knorpelpriiparaten schon 4 Stunden nach 
Anfang der Inkubation beobachten konnen. 

3) Es verbleibt als Hauptsache zu erwagen, ob Calcium von 
aus den Praparaten diffundierlem Phosphor gefallt werden konnte, 
und in Obereinstimmung hiermit diirfte auch der Gedanke nahe 
liegen, dass in Yersuchen, in denen Phosphat als Siibstrat ange- 
wandt worden ist, ausgewandertes Calcium Phosphor ausfallen 
konne. Diese Fehlermiiglichkeit darf nicht unbeachtet gelassen 
werden, insbesondere da aus den Yersuchen hervorgeht, dass in 
calcium- und phosphorfreien Losungen inkubierte Praparate diese 
recht bcdeutende Mengen von Calcium und Phosphor abgaben. 
Eine nahere Begrundung dflrfte jedoch dem wicerreden, dass eine 
wesentliche Yerminderung des Calcium- und Phosphorgehaltes in 
der Yersuchslosung von einer solchen Fallung herriihren konne. 
In der Mehrzahl der Experimentc konnte nach Abschluss der Inku- 
bation keine Fallung in den Yersuchslosungen wahrgenommen 
werden. Eine in einigcn Losungen aufgetretene schwache homo- 
gene Opaleszenz wurde durch aus den Praparaten heraus diffun- 
diertes Eiweis erkliirt. Ein wiegender, einer nennenswerten Fallung 
von Calciumphosphat in Inkubationslosungen widersprechender 
Umstand ist die Beobachtung, dass Phosphor nur in organischer 
Form in die Praparate aufgenommen wurde. Spllte eine Fallung von 
Calciumphosphat stattfinden, diirfte dieses ja einen scheinbaren 
Yerlust von anorganischem Phosphat in der Inkubationslosung mit 
sich fiihren. Bei Yersuchen in Reagenzglasern erwies es sichnam- 
lich, dass beim Zusatz . von Phosphat in eine Calciumchlorid- 
Losung eine Fallung betrachtlich schneller und bei einer niedri- 
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geren Phosphorkonzentration vorsichging in dem I'nlle, wo der 
Phosphor in anorganischer vnd nichi in organisclier Fonn vorlag. 

Von einer nennenswerten Fallung von Calcium nnd Phosphor in 
Inkubationslosungen durch andere aus den Praparalen diffund- 
dierte Stoffe kann Avohl kaum die Rede sein. Diese Vermuliing 
wird von Pfaundlers Unlersuchungen expcrimentell unter.slutzt, 
in denen es ihm niclit geliingen war, durcli Extraliicren von 
Knochenmasse vermiltelst schwacher Base odor Saure cin FiilraL 
zii gewinnen, das aus einer 0.1 n Calciumchloridlfisung in vitro 
Calcium fallen konnte. 

Es steht also fest, dass die aus den Inkubationslosungen im, 
Laufe der Vcrsuche verschwundenen Calcium nnd organisclier 
Phosphor wenigslens zum uberwiegenden Toil in die Priiparalc 
aufgenommen worden sind, Es enlslchl hierbei die Fragc: Wclchcr 
hlechanismus liegl der Adsorption von Calcium und organischem 
Phosphor in das Knochengewebe zu Grunde? Im Lichte der dualis- 
lischen Auffassung des Vcrknocherungsprozcsses kann man mit 
zweien hauplsachlichen Moglichkeiten rcchnen. Die erste, welche 
die einfachste Erkliirung der Adsorptionserscl cinung darbicten 
durfte, wiirdc dieselbe als ein einfaches Diffusions- oder Impriignic- 
rungsphanomen belrachlen, bei dem das Knochengewebe selbst 
eine mehr oder Aveniger passive Rolle spielen Avurde. Andererscits 
liegt die Moglichkeil A’or, dass die Aufnahme \'on Calcium und 
Phosphor der Ausdruck einer A'italen und aktiven Funktion des 
Knochengewebes Avare, Im Zusammenhange mit der Beurleilung 
der A'erschiedenen Versuchsergebnissc AA’crden im folgenden diese 
beiden IMoglichkeiten einer naheren Erorlerung unterworfen. 

Es AA’urde in der Einlcitung bcobachtet, dass die Knochen aus 
einer umgebenden Losung Calcium aufnahmcn. Es muss bemerkt 
AA’erden, dass die initiate Konzentration A’on Calcium in der 
Inkubationslosung den Calciumspiegel des Serums nicht uber- 
stiegen hat. Helve (1941) gibt diesen als durchschnittlich 12.6 
mg % Ca in normalen Ratten auf. Kein von cinem Cberschreiten 
der serumisotonischen Verhiiltnisse abhangiges Diffusionssystem 
liegt also der Adsorption zu Grunde, insbesondere AA’enn man 
beachtet, dass Calcium auch aus destilliertem AVasser aufgenommen 
AA’urde. Es scheint also als ob das KnochengCAA’che cin aktiA'es 
Vermogen Calcium aufzunehmen besitze. Dabei durfte das Ver- 
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muten nahe liegen, dass die Calcium-Affinitat sich allererst auf 
die dissoziierte Calciumfraktion einrichtet. Da, •wde bekannt, ein 
grosser Teil des Serumcalciums an Protein gebunden ist, scheint 
eine gleichartige Fixation von Calcium an Proteinsubstanzen im 
Knochengewebe denkbar zu sein. Dieses durfte nicht ohne Inte- 
resse fiir die Ossifikation sein, da hierdurch eine primare Auf- 
nahme von Calcium ermoglicht ware, ohne dass eine lokale Dber- 
sattigung der Calciumverbindungen im Serum in dem Sinne, dass 
eine spontane Fallung von Calciumsalz in der’ Knochensubstanz 
vorsichgeht, eine Voraussetzung hierfur sein miisse. Diese A_n- 
nahme steht in gutem Einidang mit der »elektiven Ossifikations- 
Theorie)) von Pfaundler, Freudenberg und Gyorgy. 

Betreffend die calciumbindende Substanz des Knochengewebes 
konnen verschiedene Moglichkeiten in Frage kommen. Pfaundler, 
z. B., stellt sich vor, dass die Osseoalbumbiden die Rolle von »Kalk- 
fangerni) spielen diirften. Rabl dagegen schreibt diese Bedeutung 
den Aminoverbindungen zu. Andererseits durfte man annehmen, 
dass auch der Kollagen oder Osseomucoid des Knochengewebes 
die Rolle von calciumbindenden Faktoren spielen kSnnten. Man 
durfte vielleicht das physiologische Dasein eines bewegbaren Ver- 
schiebungssystems zwischen dem diffusiblen Serumcalcium, dem 
Serumprotein und den Proteinsubstanzen des Knochengewebes 
annelimen konnen. Die Aufnahme von Calcium in Knochen konnte 
Auelleicht auf die hohere Calcium-Affinitat der Knochenproteine 
den Serumproteinen gegeniiber zuriickgefiihrt werden. "Verschie- 
dene Umstande sprechen fiir die Existenz eines solchen )>Seil- 
ziehens» zvdschen verschiedenen Proteinsubstanzen. Freudenberg 
und Gyorgy beobachteten somit in ihren Versuchen, dass Gehirn- 
Substanz, im Gegensatz zum Knochengewebe, Calcium aus Serum- 
Losungen nicht aufnahm, welches Phanomen sie dadurch erklaren, 
dass die Serumproteinen eine grossere Affinitat dem Calcium gegen- 
iiber als die Gewebekolloiden der Gehirnsubstanz besitzen. Es 
konnen noch in diesem Zusammenhange die histologischen Beo- 
bachtungen von Shipley, Kramer und Howland angefiihrt 
werden, dass ein Zusatz von 2 % »egg albumin» in einer Calcium 
und Phosphor enthaltenden Salzlbsung die Calcifikation des 
Epiphysenknorpels von Ratten hemmt. Wurde das Praparat 
nach Kontakt mit Protein in einer von diesem Stoffe freien Yer- 
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suchslosung inkubiert, fand die Cdlcifikation in der gewohnlichcn 
Weise statt, welches zeigt, dass die vom Protein auf die Calci- 
likation ausgeiibte hemmende Wirkung nicht auf irgendeine 
Scbadigung des Knorpelgewebes selbst zuruckgefuhrt werden 
konnte. 

Der Umstand, dass eine Aufnahme von Calcium bei einer so 
niedrigen Konzentration, wie in den bei den Versuchcn angewandten 
Inkubationslosungen, (10—11 mg % Ca), slattfand, slcht in cincm 
scheinbaren Widersprucli zu den histologisclien Wabrnehmungen 
von Shipley und Robison. Diese Forscher zeigten, wie frailer 
ervvalintj dass eine Voraussetzung fur die Calcifikation von Epi- 
physenpraparaten in vitro der Umstand isC dass das Produkt der 
Calcium- und Phosphormenge der Inkubationslosung 30 mg % 
ubersteigen muss. Als eine Erklarung dieses scheinbaren Wider- 
spruchs muss jedoch hervorgehoben werden, dass die Aufnahme 
von Calcium und Phosphor ins Knorpelgewebe eine Ossifikation 
in der Form einer Ausfiillung von Calciumphosphat voraussetzt um 
histologisch nachgewiesen werden zu konnen. Dagegen kann eine 
Adsorbtion von nur Calcium oder Phosphor dem histologisclien 
Nachweise sich -vvahrscheinlich entziehen. Hierdurch tritt auch- 
der grundsatzliche Unterschied zwischen einer primaren Adsorbtion 
von Calcium und Phosphor und der endgultigen Ossifikation in 
deutlicher Beleuchtung hervor. 

Die Beobachtung, dass das Knochengewebe Calcium in recht 
bedeutender Menge an eine calciumfreie physiologische Salz- 
losung abgab, ist vielleicht einer naheren Berucksichtigung ^Yert. Der 
Versuch legt mit alter erwunschten Deutlichkeit dar, dass vrenigs- 
tens ein Teil des Kalkes im Knochengewebe nicht stabil fixiert 
ist. Bei der Beurteilung, auf welche Weise das Herausdiffundieren 
von Calcium zu stande kommt, kann man sich vorstellen, dass ein 
Teil des Calciums aus der interstitiellen Gewebelymphe hcrstammt. 
In Anbetracht' der Winzigkeit der Priiparate ddrfte es jedoch 
als ausserst unwahrscheinlich erscheinen, dass dieser jMechanismus 
eine nennenswerte Rolle spielen konnte. Eine ^lobilisierung von 
Calcium in der Form von Komplexverbindungen in der Knochen- 
Substanz durfte dagegen nahe liegen. Es ist nicht ausgesclilossen, 
dass die Citronensaure teihveise als eine Komponente ' solcher 
Komplexverbindungen dienen konnte. Andererseits kann man, 
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ausgehend von der Annahmej dass ein Teil des Calciums an 
Proteinsubstanzen im Knochengewebe gebunden ist, sich die Mog- 
lichkeit einer Abspaltung von Calcium aus einer solchen labilen 
Verbindung vorstellen. Die Fixation des Calciums mit dem Protein 
des Knochengewebes diirfte in einem solchen Falle als ein reversibler 
Prozess betrachtet werden konnen. Es fallt schwer endgiiltig zu 
entscheiden, welcher Mechanismus der Decalcifikation des Knochen- 
Gewebes zu grunde liegen konne, aber es lasst sich denken, dass er 
zum Teil in irgendeinem Zusammenhange mit der salzauflosenden 
Tatigkeit der Osteoklasten im Knocliengewebe steht, 

Bei den Versuchen wurde die bemerkenswerte Beobachtung 
gemacht, dass normales Knochengewebe das Vermogen aus einer 
Inkubationslosurg anorganischen Phosphor in der Form von sekun- 
darem Natriumphosphat bei einer initalen Phosphorkonzentration 
von bis auf 50 mg % aufzunehmen nicht zu besitzen sclieint. Lag 
dagegen der Phosphor in organisch gebundener Form, wie Na- 
Glycerophosphat vor, so fand eine deutliche Aufnahme von Phos- 
phor in die Praparate statt. Bei den Versuchen mit IMeerschweinchen- 
Knochen xvies in diesem Falle der adsorbierte Phosphor durchschnitt- 
liche Werte von etwa 20 % der in der Inkubationslosung anfanglich 
entlialtenen Phosphormenge auf. Dieser pragnante Unterschied in 
der Aufnahme dieser zweien Phosphorfraktionen scheint die Mog- 
lichkeit auszuschliessen, dass bloss ein einfacher physikalischer 
Diffusions-oder DlmpragnierungsorProzess der Adsorption zu grunde 
liegt. Der Mechanismus scheint viel komplizierter zu sein. Eine 
anorganische Phosphorkonzentration von 50 mg % in der Inkuba- 
tionslosung iibersteigt bedeutend den anorganischen Phosphorge- 
halt im Serum, "weshalb man in diesem Falle von einer direkten 
Dbersattigung an Phosphor im Verhaltnis zu den im Serum herr- 
schenden physiologischen Umstanden sprechen darf. Es fallt schwer 
festzustellen, weshalb anorganischer Phosphor dessenungeachtet 
von den Praparaten nicht aufgenommen wurde. Diese Walirneh- 
mung bestatigt zum Teil die histologischen Untersuchungen Robi- 
sons, in denen er zeigte, dass Epiphysenknorpel von Ratten viel 
schneller und bei einer niedrigeren Phosphorkonzentration in 
Calcium und Phosphat enthaltenden Inkubationslosungen calci- 
fiziert wirde in dem Falle, xto das letzterM^ahnte Substrat in der 
Form von Glycerophosphat und nicht von anorganischem Phos- 
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phor vorlag. Urn eine Calcifikaiion im Ictztercn Falle hervorzurufen, 
musste die InkubationslQsung mit Calciumphosphat uliersattigl sein. 

Die Wahrnelimung von FnEUDENiiERG und Gyorgy, dass das 
Knochengewebe, um in vitro anorganisches Phosphat aufnchmcn 
zu konnen, primar mit Calcium angcreicbert sein musste, gibt 
eine Erklarung der augenscbeinlicben Unfabigkeit des Knocben- 
Gewebes anorganisches Phosphat bei der in meinen Vcrsuchen fur 
die Inkubationslosungen angcwandten Phosphorkonzcntration pri- 
mar adsorbieren zu konnen, Es ware jcdoch angebracht in diesem 
Zusammenhange eine Mitteilung von Uelrich (1920) hervorzuhe- 
ben, nach welcher Knochengewebe unter gewissen Bedingungen 
anorganischen Pliosphor in vitro verwertcn kann. Bei scinen 
Versuchen digerierte er feinverteilte Knochensubstanz in 0.5 — 1 % 
anorganisches Phosphat enthaltendcn Losungcn, wobei cr einen 
Phosphorverlust aus der Inkubationslosung feststcllen konnte. 
Es muss jedoch bemerkt werden, dass die Versuchsbcdingungen 
bei diesen Experimenten von den im normalen Scrum hcrr.schen- 
den physiologischen Verlialtnissen anschnlich al)weichen. 

Weshalb wurde denn estergcbundener Pliosplior vom Knochen- 
Gewebe begierig adsorbiert? Betrachtet man dieses Phanomcn im 
Lichte der Untersuchungen Robisons, so erscheint cs als annehm- 
bar, dass die Adsorption teilweise im Zusammenhange mit der 
Phosphatasetiitigkeit im Knochengewebe stehe. Man konnte sich 
vielleicht vorstellen, dass eine primarc Fixation der PJiosphor- 
saureestern an diese Enzymen cine Vorausselzung dafiir ware, 
dass eine hydrolysierende Wirkung dor Phosphatasen zu stande 
kommen wrde. Hierbei liegt die Vermutung nahe, doss die Plios- 
phatase eine aktive Affiniliit fiir organisch gebundenen Phosphor 
besitzen. Dieses wurde in seiner Rcilie erkliiren, weshalb das 
Knochengewebe aus einer Inkubationslosung eslergebundenen 
Phosphor an sich zog, wogegen eine iihnliclie Erscheinung aus- 
blieb, wenn an'organischer Phosphor als Substrat angewandt wurde. 
Da die Phosphatasen, wie von Robison dargelegt, in den Knochen- 
Zellen gebildet werden, diirfte die Adsorption von Phosphorsaure- 
Estern als derAusdruck einer vitalen Aktivitat des Knochengewcbes 
aufzufassen sein. Ausgehend von dieser Annahme, miisse diese 
Aufnahme von Phosphat in der unmittelharen Niihe dcr Knochen- 
Zellen am starksten sein. 


TIEREXPEKIMENTELLE UNTERSUCHONGEN.ljBER den CALCIUM U.S.W. 

Da, wie bekannt, auch Serum Phosphatasen enthait, scheint 
es als ob diese ’Enzymen im Knpchengewebe mcht stabil fixiert . 
x^'aren. Bei mit organischem Phosphat als Substrat ausgefflihrteii 
Versuchen lag .nach abgescblossener Inkubation etwa die Halfte 
der initialen Phosphorfraktion in anorganischer Form vor. Dieses 
kann teilweise als ein Ergebnis der hydrolysierenden Wirkung der 
im Laufe des Versuche's aus den Praparaten ausdiffundierten 
Phosphatasen erklart werden. Einem solchen Mechanismus darf 
jedoch keine entscheidende Rolle zugeschrieben werden, da die 
Versuchsresultate als mehr wahrscheinlich erscheinen lassen, dass 
ein grosser Teil dieses anorganischen Phosphors den Knochen 
entstammte. Es wurde namlich in den Versuchfen festgestellt, 
dass das Knochengewebe an eine phosphorfreie physiolo^sche 
Salzlosung anorganisches Phosphor in ziemlich bedeutender Menge 
abgab. Es erscheint folgentlich offenbar, dass ‘ wenigstens ein Teil 
des Phosphors im Knochengewebe, ebenso wie es mit Calcium der 
Fall ist, nicht stabil fixiert ist. In Ansicht der Bedeutung des 
ICnochengewebes als Mineraldepot, ist die augenscheinliche Leicht- 
igkeit, mit welcher Calcium und Phosphor aus demselben mobili- 
siert werden zu konnen scheinen, nicht uninteressant, und scheint, 
■was die Art der ausdiffundierten Phosphorfraktion betrifft, we- 
nigstens eine teilweise Verbindung mit Calcium w'ahrscheinlich. 
Andererseits konnte man sich auch vorstellen, dass der in die Inkuf 
bationslosung ausgewanderte Phosphor zum Teil mit der Phos- 
phataseaktivitat im Knochengewebe im Zusammenhange stehen 
konnte. Der Schlusseffekt der hydrolysierenden Tatigkeit dieser 
Enzymen durfte namlich "vielleicht zu einem Uberschuss an frei- 
diffusiblem anorganisclien Phosphat in der Knochensubstanz 
fuhren konnen. 

Aus den Versuchen ist ersichtlich, dass von den verschiedenen 
Teilen eines und desselben Knochens die Epiphysenloiorpeln an- 
naherend doppelt so viel Calcium und Phosphor wie die Knochen- 
Diaphyse adsorbierter. Da derZuwachs in dieser letzteren Zone am 
starksten ist, scheint diese Wahmejimung von rein physiologischem 
Standpunkte aus logisch zu sein. Die Verteilung von Calcium und 
Phosphor im Knorpel, bzw. Knochengewebe, zeigt, dass Knorpel- 
Teile urn zu verknochern, bedeutende Mengen Calcium und Phosphor 
aufnehmen miissen. Bei der Analyse verschiedener Extremitats- 
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Knochen von Fclcn gebcn Swanson und Ion (193/) cincn Colcium- 
Gehalt von 7.9 Millimol auf je 100 g Trockensubstanz in dem 
Epiphysenknorpel gegen 514,8 Millimol in den Diaphy.sen auf. Die 
entsprechenden Pliosphonverle waren 8,C, bzw. 336.4 Millimol. 
Es liegt also die Vermutung nalie, dass die Epiphy.sen im Ver- 
gleich mil der Diaphyse besonders Calcium-iind Pbospbor-»hungrig& 
sind. Welcher Meclianismus diirfle denn der starken Begicrde dcs 
Knorpelgewebes nacli diesen Stoffen zu gninde liegen? Was, ers- 
tens, die Aufnabme von Calcium bclrifft, so kann man, ausge- 
hend von der Annahme, dass wenigstens ein Tcil dcssclbcn an 
Proleinsubstanzen adsorbierL wird, sich vorstellen, dass diese 
Stoffe infolge von qualilativen oder qnantitaliven Verschieden- 
heiten Calcium miL ungleichcr Sliirkc ad.sorbicrcn. Der En,veis von 
Robison und Rosenheim (1934), dass Knorpclgewcbc bedeutend 
schneller als Organc, wie z. B. Nieren und Lunge in vitro calcifi- 
ziert wurde, diirfle moglichcrweise. von eincm gleichcn Kausal- 
Moment abhangen. 

Sollte man die Aufnahmc von organischem Phosphor in \’crhin- 
dung mil der Pliosphalasetaligkcit in den Praparaten slcllen, so 
kann die Wahrnchmung, dass der Epiphysenknorpel mehr Pho.s- 
phor als die Diaphyse aufnahm, viclleicht cine cinleuchlcndc Er- 
kliirung finden. Aus den von Fell und Romsos (1929) au.s- 
gefuhrlen Untersuchungen gehl namlich hervor, dass die Epiphy- 
sen bedeutend mehr Phosphatase als die Diaphyse cnlhalten. 

Ausser organischem Phosphor (2.9 mg %) cnthielt die Inku- 
bationslosung anfanglich auch anorganisches Phosphor (4.4 mg %), 
weshalb man mit in Rechnung ziehen muss, dass dcr adsorbierte 
Phosphor auch von diescr letzteren Fraklion herstammen konnte. 
Im Kenntnis, dass anorganisches Pliosphat in Versuchen mit 
Meersclnveinchen in die Knochen nichl aufgenommen wurde, 
erscheint es dock glaublich, dass auch in dicsem Falle die 
Adsorption vor allem dem organisch gebundenen Phosphor gait. 
Diese Annahme findet zum Teil eine Stutze in der Beobachtung, 
dass, mit Ausnahme eines einzigen Falles, die Phosphorfraktion 
der Inkubationslosungen nach Abschluss des Versuches keinen 
Phosphor in estergebundener Form enlhiell. 

Es ist bemerkenswert, dass die Epiphysen, die Calcium und 
Phosphor besser als die Diaphyse adsorbicrlen, diese Stoffe auch 
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starker als der Knochenteil fixierten. Von osteogenetischem 
Gesichtspunkte aus durfte diese Beobachtung vielleicht nicht ohne 
Interesse sein, da sie den Calcium- und Phosphor-sHungerA des 
Knorpelgewebes so zu sagen in doppdter Bemerkung zum Vor- 
schein kommen lasst. ScHwierigkeiten stellen sich dagegen ein 
bei der Beurteilung, was fur ein primarer Anlass dazu zu grunde 
liegen konnte, dass der Epiphysenteil an eine Basallosung weniger 
Calcium und Phosphor als die Diaphyse abgiebt. Es ist aber hypo- 
thetisch annehmbar, dass der Unterschied in der Retention von 
Calcium einigermassen in einem ungleich starken Vermdgen der 
Gewebeproteinen . Calcium zu fixieren zu suchen ware, welche Eigen- 
schaft zu dem Vermogen diese Stoffe zu adsorbiereh proportional 
sein durfte. Andererseits liegt auch die Moglichkeit vor, dass die 
grossere Stabilitat der Epiphysen den Komplexverbindungen von 
Calcium und Phosphor gilt in Anbetracht dessen, dass auch der 
Phosphor starker als in der Diaphyse fixiert wurde. 

Die Beobachtung, dass Formaldehyd auf das Vermogen der 
Knochen Calcium und organisches Phosphat zu adsorbieren lah- 
mend virkte, durfte nicht ohne Interesse sein. Da, wie bekannt, 
Formaldehyd ein starkes Zellengift ist, zeigt der Versuch deutlich, , 
dass der Adsorptionsmechanismus mit aktiven biochemischen 
Prozessen des Knochengewebes eng verbunden ist. Diese Versuche 
bestatigen auf chemiscliem Wege die histologischen Wahrnehmun- 
gen von Shipley und Robison, dass Formaldehyd die Calcificat'on 
von Epiphysenknorpel in vitro inhibiert. Diese Forscher bedien ten 
sich aber einer ansehnlich grosseren Konzentration des Formal- 
dehyds (10 %) in ihren Inkubationslosuhgen. 

Bei der Auslegung meiner Ergebnisse muss beachtet werden, 
dass der pH der Inkubationslosung vielleicht vom Folmaldehyd 
einigermassen veriindert wird. Dieser Umstand, in Anbetracht 
der von Robison gemachten Beobachtung, dass kleinere Verschie- 
bungen im pH der Inkubationslosung keine Wirkung auf die Calci- 
fikation in vitro ausuben, durfte jedoch kaum allein den Ver- 
schiedenheiten in der Absorption zu grunde liegen. 

Sollte man von der Annahme ausgehen, dass der Adsorption 
von Calcium und Phosphor in den Knochen enzymatische Prozesse 
zu grunde liegen, so erscheint es als wahrscheinlich, dass der Effekt 
des Formaldehyds auf eine Lahmung der Wirksamkeit dieser 
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Eiizymcn zuriickzufiilircn ist. Hinsi Iiliich dcr KnocluTip!jnsi)hatii!i*; 
geljcii Robison, Maci.eod uiul RosnNiir.iM iin Anscliliiss <ui ihrc 
Vcrsuchc auf, (lass dicsclhen von i-’onnaldehytl vfrluiltnis^.niiisslg 
leichl becinflussL werdcn. 1 % Fonnaldchyd vcnnuidcrlr soinlt 
die PhosplialascwirksamkciL mil 20 %, wogcgt’ii 1ft % I'orma!- 
dcUyd den hydrolysicrcndcu Effekt diestr Enzymcii vdllig inhi- 
bicrlc. Wenn wir von diescr Beobaebtung ausgelu n, so tlurfte das 
Ycrmulen nabc liegen, (lass Formnldohyd die I'lunpbulase des 
priinarcn Vermogens bcraiibl ibre Substrate z\\ adsorbieren, Die^e 
Annabine vurde Icihveise cine Frklanmg des 1 mstnndes darbieten, 
dass bciin Ann'cscn von I'orinaldehyd Xalriitniglyceropliospbal 
in mcinen Versuchen in die Knodien nicht anfgcnoinrnfn vnrde, 

Es wurde friihor die Vermutnngausgesprorlien, class f^rganisebe*. 
Phosphat in Inkubalionslosnngcn leilwiise von den aus den Prapa* 
raten iieransdiffnndierlen Plcospbatasen bydroiysiert nenUn 
kdnntc. Dcr Umsland, dass die finale anor(tnni<;elu‘ Pho<;photfrak- 
lion in Inkubationsldsungen in der Annvsenbcit vent Fontuddehyd 
im Durchschnilt nur elwa Ift % des gesaiutm s;aire!u<Uelien 
Phosphors belrug, wogegen dieser Wert in den Kontroll'-ericu etua 
35 % Avar, diirfte im Kcnnlnis des pbosphatasebenunenden Kffekts 
dcs Formaldcbyds im gnlen Einklange mit finer solchen Atinabme 
slchcn. 

Durcb ihre Vcrgiflnngsversncbe slellten Suitn-!:v, Kn<\Mi;n nnd 
Howland fcsl, dass kleine Mengen von Toluol die Caleifikation in 
vitro bloss Icihveise verhindcrlen. Nnr in einein Falle konnten sie 
cine vciliige Inhibicrnng dcr Aufnahme von Calcium nnd Phosphor 
in KnorpelpraparalL’ii bcobachlen. Mdne Versnche bestidigen 
zmn Tcii diese Ergebnisse. Dec Umsland, dass 'lolno! die Ihdugkeit 
der Knoeben organisches Pliospbal zn adsorbioreu niclU gunzlich 
I'.iinntc, obwohl die Aufnahme im Auwesetc dieser Agens demnsdi 
bedeulcnd sdnvadier als in den Konlollversndiennar.durlte wabr- 
scheinlicli davon abbiingen, dass das Toluol in der bei den Vt r- 
suchen angcwandlen Konzcnlration keinen glcidien toxisehen 
Effekt auf biodicmiscbo Prozesse im Knodiengcwebe wic der 
Formaldebyd ansitbl. 

Die oben crorlerlen Ergebnisse baben dargdegt. dass die 
Adsorption und das Fixicren von Calcium nnd Phospfior itn 
Knoebengewebe in einem engen Vcrhailnis zu einander zn si chon 
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scheinen. Einen weiteren Beleg dafur ergibt die Beobachtung, dass 
der Formaldehyde indem er die Knochen der Fahigkeit beraubte 
Calcium und Phosphor aufzunehmen, gleichzeitig auch die Fixie- 
rung dieser Stoffe in den Knochen schwachte. Dieser letztere 
Effekt ausserte sich dadurch, dass Calcium und Phosphor beim 
Anwesen dieser Agens in einer basalen Salzlosung aus den Knochen 
bedeutend mehr als in der Kontrollserie )>leckten». Es ist deshalb 
^vahrscheinlich. dass die Fithigkeit der Knochen Calcium und Phos- 
phor sowohl zu adsorbieren, wie auch zu fixieren mit einem 
aktiven Prozess verglichen werden kann. Es ist bemerkenswert, 
dass beim Anwesen von Formaldehj^d nur ungefahr die Halfte des 
ausdiffundierten Phosphors in anorganischer Form vorlag, wogegen 
bei den Kontrollversuchen beinahe die gesamte ausgewanderte 
Phosphormenge von dieser Phosphorfraktion vertreten war. Man 
kann wohl diesen Umstand einigermassen als einen Ausdruck 
dafiir deulen, dass der Formaldehyd die Phosphatasetatigkeit in 
den Knochen vermindert hatte. 

Es erscheint als angebracht noch eine kurze Beurteilung dar- 
iiber anzustellen, in welchem Masse diese in vitro erhaltenen 
Ergcbnisse fiir die im lebenden Organismus waltenden Verhaltnisse 
verwerlet werdcn kdnnen. Ein gewisser, fiir das Berechtigte eines 
solchen Vergleichs mit den physiologischen Vcrhaltnissen sprechen- 
der Umstand ist die oben erwiilinte Beobachtung von Shipley und 
Robison dariiber, dass Epiphysenknorpel, was sein histologisches 
Bild betriffC auf genau dieselbe Weise in vitro, wie unter den 
physiologischen Verhallnissen in vivo calcifiziert ^\'urde. Es muss 
jedoch in Betracht gczogen werden, dass in vitro die Bedingungen 
in vielen Hinsichten ungiinstiger als im lebenden Organismus sind. 
Die Calcium- und Phosphorspannung nimmt im Reagenzglase im 
Laufe des Versuches allmiihlich ab und ein etwaiger begiinstigender 
Einfluss. anderer lonen und Nicht-Elektrolyten in der • in der 
Gewebeflilssigkeit vorfindlichen Form wird in meinen Versuchen 
eliminiert. Ausserdem schafft wahrscheinlich die Zimmertemperatur 
nicht ebenso vorteilhafte Voraussetzungen fiir biochemische 
Prozesse wie die Temperatur des Korpers. Der Mangel an Protein 
in der Inkubationslosung bedeutet eine wesentliche Abweichung 
von den physiologischen Verhiiltnissen. Dieses kann insbesondere 
fhr die Adsorption von Calcium in Knochen von Bedeutung sein. 
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Da ein grosser Toil des Calciums im Scnim mil Protein gebunden 
ist, fallt niimlich in den Versueben ein so zu sagen ^konkurric- 
render» calciumbindender Faklor wcg. Dicse Annabme findet 
eine Stiitze in der vorstchend erwahnten Beobachlung von Shipley, 
Kramer und Howland, dass der Inkubationslosung zugefQhrtes 
Protein die Calcifikation von Epipbysenknorpel in vitro hemmt. 
Rosenheim (1934) spricht von dcmsclbcn Effekt bci annlogcn 
Versueben beim Anwesen von 7 %' Pferdescrumprolcin in der Ver- 
sucbslosung. 

Es wdre jedocb angebracht in diesem Zusammenbangc zu beto- 
nen, dass unser Kenntnis von der Zusammensetzung der intersU- 
tiellen Gewebeflussigkeit dcr Knoeben bei weitem niebt vollstiindig 
ist. Dieses Kenntnis ist jedocb einc nnumgjinglicbe Voraussetzung, 
um den Calcium- und Phospborstoffwccbsel im Knochengewebe 
eingehend bcurteilcn zu konnen. Bei meinen Versueben cnlspracb 
die Calciumlionzcntration der Inkubationslosung nabezu dem 
Calciumgehalt des normalcn Serums. Die Phospbonnengc ist dage- 
gen in den meisten Versueben elwas grosser als der tolale Phoir- 
phorgehalt im Serum, der beim Menscb, wie bekannt, etwa 7 — 12 % 
ist (nacb Annersten 1940). Es muss jedocb beachtet werden, dass 
Vollblut einen bedeutend hoheren Phosphorspiegel als das Serum 
hat. Helve (1940) gibt fiir normalc Ratten einen Durcbscbnltti~ 
wert von 29.3 mg% des gcsamlen saureloslicben Pbospbors im Blutc 
auf, von welcben 24 mg % in estergebundener Fonn vorlicgen. Der 
in den Korpuskeln deponiertc Pbospbor scbcint in das Plasma Icicht 
abgegeben werden zu konnen. Shipley, Kramer und Hmvi^ND 
(1926) geben z. B. auf, dass falls man Blut bci 37“Tcmperatureinc 
Zeit lang stehen lasst, so erhoht sich die Menge des anorganischen 
Phosphors im Serum. In mil Rattenblut angestelllen Versueben 
wuchs nach 24 Stiinden der Gebalt an anorganischem Scnimpbos- 
pbor, der normal etwa 5 mg % war, in cinigen Fi'dlcn bis auf 20 mg%. 
Im Falle man Knoebenextrakt auf Vollblut einwirken liisst, sleigt 
aucb, wie Robison dargelegt bat, der Serumphosphor ansehnlich. 
Diese Versuche sind insofem interessant, das.s sie die Leichtigkoil d.ar- 
legen, mit der der Phosphor bei Bedarf aus den Korpuskeln, ins- 
besondere in der Nahe des Knochengewebes, mobilisierl werden 
kann. Unter solchen Verhiiltnissen ist es niebt ausgescblo.ssen, dass 
die Gewebeflussigkeit der Knoebensubstanz ansehnlich mebr 
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Phosphat als das Serum enthalt. Die Phosphatkonzentration der 
Inkubationslosung braucht deshalb in meinen Versuchen denent- 
sprechenden Spiegel der interstitiellen Gewebeflussigkeit nicht zu 
iibersteigen. 

Sollte man auf Grund der Experimente versuchen sich eirie 
Auffassung fiber den normalen Ossifikationsmechanismus zu 
bilden, so erscheint es als berechtigt, in demselben zwischen einer 
primaren Adsorption von Calcium und Phosphor im Knochen- 
Gewebe und einer definitiven Fallung von Knochensalz in dessen 
Schlussform zu unterscheiden. Der ersterw^ahnte Prozess dfirfte 
s. z. s. die Einleitung der Ossifikation bilden.- Die Aufnahme von 
Calcium und Phosphor in das Knochengewebe darf jedoch nicht 
als ein isoliertes Phanomen, sondern eher als ein Teilprozess eines 
und desselben Systems betrachtet werden. Die Korrelation zwischen 
dem Calcium- und Phosphorstoffv^chsel im Knochengewebe geht 
u. a. aus der Beobachtung Freudenberg und Gyorgys hervor, 
dass Phosphat in vitro die Bindung von Calcium in der Knochen- 
Substanz befordert. Robison seinerseits schreibt dem organischen 
Phosphorradikal die Bedeutung eines Katalysators ffir enzjTOa- 
tische Prozesse im Knochengewebe zu, deren Wirkungen auch 
mit dem Calciummetabolismus in enger Verbindung stehen. Ande- 
rerseits scheint, vie frfiher erwahnt, das Anwesen von Calcium von 
grosser Bedeutung ffir die Aufnahme von Phosphat in die Knochen- 
Substanz zu sein, Unter solchen Verhaltnissen ist es schwer zu 
entscheiden, was ffir ein Prozess die s. z. s. einleitende Phase der 
Ossifikation ist. Im Kenntnis der besonderen Affinitat des Knochen- 
Gewebes ffir Calcium, liegt dennoch die Moglichkeit vor, dass dieser 
Stoff primar fixiert wird, was eine spatere Aufnahme von Phosphat 
befordem viirde. Zu Gunsten einer solchen Annahme dfirfte man 
noch die Beobachtungen von Schwarz, Eden und Hermann (1924) 
erwahnen, .nach welchen Callusgewebe in seinem frfihen Stadium 
einen Gberschuss an Calcium imVergleich mit normaler Knochen- 
Substanz enthalt. 

Andererseits erscheint es nicht ausgeschlpssen, dass das 
Knochengewebe primar aus dem Serum bzw. der interstitiellen 
Gewebeflfissigkeit — gemass den in der Obersicht beschriebenen 
Theorien — Calcium und Phosphor in komplexer Form aufnehmen 
konnte. Es muss jedoch beachtet werden, dass diese beiden Auf- 
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nahmemechanismen einander nicht auszuschliessen brauchen. Es 
ist dennoch nicht ganzlich ausgeschlossen, dass man bei der Auf- 
nahme von Calcium und Phosphor ins Knochengewebe mit einer 
Adsorption sowohl von diesen lonen, wie auch von Komplexver- 
bindungen rechnen kann. 


F. Aiifnahme und Retention von Calcium und 
Phosphor- im Knochengevrehe hei 
D-Hypervitaminose. 

Die oben beschriebene in vitro-Technik bietet uns eine j\I6g- 
lichkeit den Calcium- und Phosphorstoffvechsel im Knochen- 
Gewebe unter verschiedenenBedingungen zu studieren, Um bei diesen 
Versuchen, in denen der Einfluss des Vitamins D untersucht vairde, 
Voraussetzungen fiir vergleichende Schlussfolgerungen zu schaffen, 
ist das Tiermaterial fur die Kontroll- und Parallelserien unter 
Beachtung der grossmoglichsten Gleichformigkeit des Gewichtes 
der Knochenpraparate gewahlt worden. Alle bei diesen Versuchen 
in Anwendung gekommenen Tiere waren mit einigen wenigen Aus- 
nahmen mannlichen Geschlechts. Die Tiere ^^^Jrden am nachsten 
Tage nach Beendigung der Zufiihrung von Vigantol bzw. Sesamol 
getotet. Bei diesen Versuchen kamen insgesamt 212Praparate 
(97 Kontroll) von 27 Ratten (15 Kontrolltiere) und 13 Meerschvein 
chen (6 Kontrolltiere) zur Anwendung. Das Inkubationsmilieu der 
Praparate von Kontroll- und D-hypervitaminotischen Tieren in den 
verschiedenen Parallelversuchen ist, um den Effekt des D-Vita- 
mins so ungestort wie moglich zum Vorschein kommen zu lassen, 
genau gleich gewesen. 

1. Aufnahme von Calcium. 

In den nachstehenden Versuchen wurde der Einfluss von Vita- 
min D auf die Aufnahme von Calcium in 33 Vorder- und Hinter- 
beinspraparaten von 9 Ratten studiert. Das Kontrollmaterial 
umfasste 20 Praparate von 6 Tieren, In den verschiedenen Ver- 
suchen wurde die Vitaminisierung im Laufe von 3 — i Tagen vor- 
genommen und die Tagesdosen schwankten zwischen 12000 und 
36000 I. E. Vitamin D. Der Calciumgehalt der Inkubationslosung 
betrug in samtlichen Fallen 10,8 mg %. 
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TABELLE 17. Aufnahme von Calcium in Raitenknochen. 
(10 ccm physiologische NatriumchloridlSsung) 
Konirolle 


Nr. 

Verabreichte 
Menge Sesamol 
ccm 

Knochen 

Gewicht 

des 

Praparats 

mg 

Initiales 
Camg % 

Finales 
Ca mg % 

. Aufge- 
nommenes 
Ca mg 

R 14 

1.0 X 3 

HRU 

500 

10.8 

9.1 

n 



HRU 

500 

10.8 

9.6 




FT 

950 

10.8 

9.1 

mSm 



FT 

950 

10.8 

9.6 


R 15 

1.0 X 4 

RU 

. 400 

10.8 

10,3 




F 

1290 

10.8 

10.2 

0.06 

R 16 

1.0 X 4 

F 

1250 

10.8 

10.6 

0.02 



F 

1240 

10.8 

lO.’O 

0.02 

R 17 

2.0 X 3 

HRU 

720 

10.8 

10,2 

0.06 



HRU 

720 

10.8 

10.6 

0.02 



FT 

1100 

10.8 

9.8 

0.10 



FT 

1110 

10.8 

9.7 

0.11 

R 18 

2.0 X 3 

HRU 

600 

10.8 

10.0 

0.08 



HRU 

625 

10.8 

10.5 

0.03 



FT 

990 

10.8 

9.8 

0.10 



FT 

1030 

10.8 

10.1 

0.07 

R 19 

3.0 X 3 

HRU 

740 

10.8 

10.2 

0.06 



HRU 

. 890 

10,8 

11.0 

- 0.02 



FT 

1330 

10.8 

10.4 

0.04 



FT 

1600 

10.8 

10.3 

0.05 

Durchschnittswert: 



■■ 


■■ 

Vorderbeine 


633 


10.2 


Hinterbeine 


1167. 

■n 

10.0 



Ein Vergleich zxvischen den Ergebnissen der in den Tabellen 
17 und 18 angefiihrten Versuche zeigt, dass das D-Vitamin die 
Fahigkeit der Knochen Calcium aufzunehmen augenfallig erhoht 
zu haben scheint, Wahrend bei der D-Hypervitaminose die Mittel- 
werte der in die Vorder- und Hinterbeinspraparate aufgenommenen 
Calciummenge 0.20 und 0,24 mg sind, zeigen die Kontrollversuche 
entsprechende Werte von 0.06 bzw. 0.08 mg auf. Es ist beachtens-^ 
wert^ dass die aufgenommene Calciummenge in der Kontrollserie 
in keinem einzigen Falle grosser als bei den entsprechenden Ver- 
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TAliEI.Ll-: IK. Aiifn'thmr t-on (Uiklum In IPjlt'nf n^-'h'n. 
(10 com phyAlolopErlif NiitrhimrhlorliHOnm?) 
l)-l!fipfrvllamlno*f. 


Kr. 

VcrabrcicJiti’ 
Monpc VI- 
panlol ccm 

Knocbcn 

Gcwh bt 
dm Pr.'t- 
parat*. mp 

Oi wK 

rift-alm 
Ca mK 

rnt-n^s ' 

Ca m? ! 

R 20 

1.0 X 3 

IfRU 

r.oo 

10.}., 

K.c- 



(30000 1. R. 

iinr 

:.oo 

in..S 

f,.7 

0.21 j 


Vitamin D) 

I-T 

000 

1 0.8 


o,r!i' 1 



Fr 

1'30 

10,8 

.8,5 

0.27 ; 

R 21 

1.0 X 3 

HRU 

r.r)n 

10,8 

7.0 

0.32 S 



liar 

y.n 

m.K 


5" ; 



I'T 

!20'i 

to.8 

t 

0.3! : 



l-T 

1220 

10.8 

7.8 

! ^KTj » 

R 22 

1.0 X -1 

H 

{vr, 

in.8 

o.t 

o.n ! 


(.18000 1.K. 

Rr 

330 

lO.K 


0,1 5 ; 


Vitamin D) 

I- 

1100 

10.8 


0.10 j 



T 



0,8 

r.,iO 1 

n23 

1.0 X -5 

V 


R'.f 

1".0 

0.0* 1 

R 21 

2.0 X 3 

imr 

jno 

10.8 

y 

0.31 ' 


(72000 r.E. 

irnr 

Oio 

(0.8 

0..3 

0.15 


Vitamin D) 

FT 

1050 

10. 8 

c. n 

0.2* 1 



l-T 

lino 


-• * 
t 

, 0.52 i 

R 25 

2.0 X 3 

imu 

030 

mSM 

s.fl 

0.55 



imr 

070 

H9 

8.0 

0,50 



l-T 

1010 


.''.I 

0 27 1 



IT 

loco 


T.f. 

0.32 1 

R 20 

2.0 X 3 

HRU 

020 

HB 

9.** 

. 

; 



HRU 

f.'^o 

msm 


0.1'* ; 



FT 

1000 

msm 

8.2 

0.2'. i 



FT 

1230 

10.8 

8.0 

OJO i 

R 27 

3.0 X 3 

HRU 

f.2:> 

U'.K 

8.G 

0.22 1 


(lOSOOO I.E. 


0.50 

IP.8 

P.c, 

0.12 : 


Vitamin D) 


1325 

10.8 

8.0 

0.10 ; 



FT 

1350 

10.8 

0,0 

0.15 1 

R 28 

3.0 X 3 

HRU 

7.85 

lO.K 

7..5 

0.53 ) 



HRU 

850 

10.8 

0,7 

o.n 1 



FT 

l-lOO 

10.8 

8.7 

0.21 i 



FT 

1775 

lO.S 

8.7 

0.21 1 

DurchschnlttSAVcrt: 


j 



1 

Vorderheine 


616 

10.8 

8.S 

\ 

0.20 1 

Hlnlcrbelnc 


1138 1 


10.8 

8.4 

0.24 1 
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TABELLE 19. Aufnahme von Calcium in Meerscbweinchenknochen. 
(10 ccm Robisons GrundlSsung) 

Kontrolle. 


Nr. 

Verabreichte 

MengeSesamOI 

ccm 

Knochen 

Gewicht 

des 

Prfiparats 

mg 

Initiales 
Ca mg % 

Finales 
Ca mg% 


M 15 

2.0 X 3 

F 

1360 

n 

13.2 

0.08 



T 

1000 

mm 

13.4 

0.06 




1375 

HI 

13.2 

0.08 




1000 


13.1 

0.09 

M 16 

3.0 X 7 


1030 

gg 

9.1 

0.09 




840 

10.0 

8.8 

0.12 

M 17 

3.0 X 11 


850 

10.0 

9.2 




HI 

700 

10.0 

9.0 


Durchschnittswert: 



Mi 



Hlnterbcine 


1019 

HI 

11.1 

0.09 


TABELLE 20. Aufnahme von Calcium in Meerschweinchenknochen, 
(10 ccm Robisons GrundlOsung) 

D-Hypervitaminose. 


, 

Nr. 

Verabreichte 
Henge Vigantol 
ccm 

Knochen 

Gewicht 

des 

PrSparats 

mg 

Initiales 
Ca mg% 

Finales 
Ca mg 

Aufge- 
nommenes 
Ca mg 

M 18 

2.0 X 3 

F 

1390 

14.0 

12.2 

0.18 


(72000 I.E. 

T 

990 

14.0 

12.5^ 

0.15 


Vitamin D) 

F 

1370 

14.0 

12.5" 

0.15 





14.0 

13.0 

0.10 

M 19 

3.0 X 7 


930 

10.0 

8.3 

0.17 


(252000 I.E. 
Vitamin D) 



10.0 

8.7 

0.13 

M 20 

3.0 X 11 


1150 

10.0 

8.4 

0.16 


(396000 I.E. 
Vitamin D) 

gg 

830 

10.0 

8.2 

0.18 

Durclrsclinittswcrt: 






Hlnterbcine 


1045 

12.0 

10.5 

0.15 


6 
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suchen bei der D-Hypervilaminose war. Der Unlerschied crscheint 
besonders pragnant, wenn man beachtet, dass das Durchschnitts- 
Gewicht der Praparate in den beidcn Serien beinahc gleich war. 
Die Wirkung des D-Vitamins wird nochvon demUmstandchcrvor- 
gehoben, dass die aufgenommene Calciummenge der Kontrollserie im 
grossen ganzen dieselben Werte Awe in den Versuchen mil Priiparatcn 
von normalen Ratten (Tabellen 1.2 und 3) aufzuweisen hallc. Dieser 
Sachverhalt deutet ausserdem darauf bin, dass Sesamol allcin 
keinen nennenswerten Einfluss auf die Aufnahme von Calcium ins 
Knochengewebe auszuiiben scheint. 

In der Tabelle 19 und 20 sind die Ergebnisse ciner entsprcchcn- 
den Untersuchung zusammengestelll, in der 16 Hintcrbeinspra- 
parate (8 Kontroll) von 6 Meerschweinchen zur Anwendung gekom- 
men sind. Die zugefiilirte D-Yitaminmenge scbwanktc ZAvischen 
24000 und 360001. E. pro Tag und dieVitaminisierungsdauer Avar 
3 — 11 Tage. Der Calciumgelialt der Inkubationslosiing Avar 10 — 14 
mg %. 

Aus den Versuchen ist zu ersehen, dass auch in dicsem Falle 
die Knochen der D-hypervitaminotischen Tiere konscquent mehr 
Calcium als die Praparate der entsprechenden Kontrollserie auf- 
genommen batten. Die ^littehA-erte der zusammengeslellten Ver- 
suche weisen im ersteren Falle eine aufgenommene Calciummenge 
von 0.15 gegen 0.09 mg in der Kontrollserie auf. 

2. Aufnahme von organisebem Phosphor. 

Fur das Studium des A^om D-Yitamin auf die Aufnahme A-on 
organisebem Phosphor ausgeiibten Einflusses Avurden 40 Knoeben- 
Praparate von 6 Meerschweinchen, von denen die Halfte als 
KontroIImaterial diente, angenmndt. Die Yitaminisierung dauerte 
3—7 Tage und die Tagesdose sebwankte von 12000 bis 36000 
I. E. Vitamin D. 

Wie aus denTabellen 21 und 22 zu ersehen ist, hat das D-Yitamin 
keinen augenfalligen Einfluss auf die Aufnahme von organiscliem 
Phosphor in dem geringen jMaterial, das bei diesen Versuchen ange- 
wandt Avurde,^ ausgeiibt. Die Praparate der Kontrollserie nahmen 
im Durchschnitt 0.26 mg Phosphor dem Wert A’on 0.17 mg bei der 
Hypervitaminose gegeniiber auf. Die Resultate der Tabellen 23 
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TABELLE 21. Aufnahme von organischem Phosphor in Meerschweinchenknochen. 
(10 cciO Robisons Grundlosung) 

KoniroUe. 


Nr. 

Verabreichte 
Menge 
Sesamol com 

Kno- 

chen 

Gewicht 
des Pra- 
parats mg 

Initialer 

TCE-P 

mg%- 

Finaler 
TCE-P 
mg % 

Finaler 
anorg. P 
mg% 

Aufge- 
nommener 
P mg 

M 21 

2.0 X 3 

H 

■1 

14.5 

m 

7.2 

0.30 



H 


14.5 

■n 

6.0 

0.36 



RU 


14.5 

11.7 

8.0 

0.28 



RU 

■■ 

14.5 

13.4 

6.5 

0.11 

Durchschnittswert: 


• 





Vorderbeine 


600 

14.5 

11.9 

6.9 

0.26 


TABELLE 22. Aufnahme von organischem Phosphor in Meerschweinchenknochen. 
(10 com Robisons Grundlosung) 

D-Hgpervilaminose. 


Nr. 

Verabreichte 
Menge Vi- 
gantol ccm 

Kno- 

chen 

Gewicht 
des Pra- 
parats mg 

Initialer 
TCE-P 
mg % 

Finaler 
TCE-P 
mg % 

Finaler 
anorg. P 
mg % 

Aufge- 

nommener 

Pmg 

M 22 

2.0 X 3 . 

H 

720 

14.5 

n 

10.3 



(72000 l.E. 

H 

730 

14.5 

■HI 

11.9 



Vitamin D) 

RU 

500 

14.5 

11.9 

10.3 




RU 

505 

14.5 

10.5 

9.1 


Durchschnittswert : 







Vorderbeine 


614 

14.5 

12.8 

10.4 

0.17 


und 24 gehen in der gleichen Richtung. Bei diesen Versuchen nah- 
men die Vorder- und Hinterbeinspraparate der Kontrollserie eine 
durchschnittliche Phosphormenge von 0.24 und 0.12 mg und die 
Praparate der Parallelserie 0.15 bzw. 0.13 mg auf. Eine Beurteilung 
der Wirkung des D-Vitamins wird von dem Umstande wesentlich 
erschwert, dass die Aufnahme von Phosphor — im Gegensatz zu 
dem^ -svie es mit Calcium der Fall zu sein scheint — eine grosse 
Veranderlichkeit sogar in Praparaten von denselben Tieren auf- 
zuweisen hatte. Zu irgend einer Schlussfolgerung betreffend den 































TABELLE 23. Aitfnahmc von organhcliem Phosphor in Merrseiiivrinchenknochf/i. 
(10 ccm Ro)jlsons GrundUisunp,). Konirolk. 


Mcngc 
ScsamSl ccm 



2.0 X 3 


M 24 3.0 X 7 


Durchschnitt-svicrl ; 
Vordcrbcinc 
Hintcrbclnc 


Kno- 

chcn 

Gcwicht 
dcs Prfi- 
parals mp 

H 

!■ 

H 

mSSm 

RU 


RU 

000 

F 

1410 




TABELLE 24. Aufnahme von organhchrm Photphorln Mrfrschu^lnrhrnirnochin 
(10 ccm Robisons Gnmdlbsunit). D-IItjp'rcilamln'x^r. 


Verabrcichtc Gcwlcht Inltlalcr rin.nlcr I'iimlcr Aiif^rc- 

Mcnge dcs Rrft- TCK-R TCE-P nnnr;;. inommener 

Vlgnntolccm par.itsmg mp % mp % Pmp%j p mp 



M 25 2.0 X 3 

(72000 I.E. 
Vitamin D) 


M 2G 3.0 X 7 

(252000 I.E. 
Vitamin D) 


Durchschnillsv,crl; 

Vordcrbcinc 

Hinlorhcinc 
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Einfluss von Vitamin D auf die finale anorganische Phosphor- 
Fraktion diirfte man auch kaum kommen konnen, da auch die 
letztere in den verschiedenen Versuchen der beiden Serien zwischen 
bedeulenden Grenzen schwankte. 


3. Aufnahme von. Calcium imd organischem Phosphor, 

Die obigen Beobachtungen gaben Veranlassung zu Ver^iuchen, 
welche das Stadium der Einwirkung von D-Vitamin auf die Auf- 
nahme von Calcium und organischem Phosphor beim gleichzeiti- 
gen Anwesen dieser Stoffe in der Inkubationslosung zum Ziel 
batten. Das Material umfasste 24 Praparate von 4 Kontfoll- und 
3 hypervitaminotischen Ratten. Die letzterwahnten Tiere erhielten 
24000 I. E. D-Vitamin taglicli wahrend 4 Tagen. 


TABELLE 25. Aufnahme von Calcium und organischem Phosphor in 

Raftenknochen. 

(10 cem Robisons Gnindldsung) 

Konirotlc. 


Nr. 

Verabreichtc 
Mcngc Se- 
sambl cem 

Knoclien 

GewicUt des 
Praparats mg 

Initialcs 

Ca mg 

Finales 

Ca mg 

Aulgenomme- 
nes Ca mg 

InitialerTCE-P 

mg 

Finaler TCE-P 
mg 

[ Finaler anorg. 

1 Pmg 

Aufgenomme- 
ner P rag 

R 29 

2.0 X 4 

H 

|H[ 

6.5 

6.3 


10.0 

7.3 

5.7 

0.27 



RU 


6.5 

6.5 


10.0 

7.9 

5.5 

0.21 



F 


6.5 

5.6 

0.09 

10.0 

7.0 

6.3 

0.30 



T 

700 

6,5 

5.8 

0.07 

10.0 

7.9 

6.0 

0.21 

R 30 

2.0 X 4 

H 

270 

9.0 

9.0 

0.00 

8,0 

6.7 

2.8 

0.13 



RU 

200 

9.0 

8.9 

0.01 

8.0 

5.3 

3.5 

0.27 



F 

500 

9.0 

8.6 

0.04 

8.0 

5.7 

5,4 

0.23 



T 

390 

9.0 

8.4 

O.OD 

8,0 

8.0 

7.7 

0.00 

R 31 

2.0 X 4 

H 

400 

9.0 

8.1 

0.09 

8.0 

7.3 

6.6 

0.07 



RU 

270 

9.0 

8.1 

0.09 

8,0 

7.5 

7.1 

0.05 

R 32 

2.0 X 4 

F 

750 

9.0 

8.5 

0.05 

8.0 

8.7 

5.8 

-0.07 



T 

500 

9,0' 

8.2 

0.08 

8.0 

6.4 

6.0 

0.16 

Durchschnittsvert: 

■ 









Vorderbeine 


323 

8.2 

7.8 

0.04 

8.7 




Hinterbeine 

■ 

650 

8.2 

Ea 

0.07 

8.7 

wm 
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TABELLE 2G. Aufnahmr von Calcium iirif/ onianisclinn Plwspltor in UaUax- 

knochrn. 

(10 ccm Robl'ions Gnindlosunp) 


D-Hypervitaminosc. 


— — — — 

Nr. 

Vcrabrclchtc 
MengeVignn- 
tol ccm 

g 

c 

g. 

rt 

-I ^ 

? & 
r— 

i: e. 

S ft 

n ^ 
i 5- 

O'*- s« 


rs 

0 

73 2 
r 

0 

n S' 

1 >— 

C" 

JA •>% 

0 

1 

*7* 

•n *. 

^*5 - 
0^0 

■* 

wj 0 

"5 £ 

1 

R 33 

2.0 X 4 

H 

M 

G,5 

5,1 

0.14 

10.0 

0.7 


0.33 


(96000 I.E. 

RU 


0,5 

.5.2 

0,13 

10.0 

0.7 

4,1 

0.33 


Vitamin D) 

F 

wssi 

6.5 

5,6 

0.09 

10.0 

7.0 

4.3 

0,24 



T 

670 

6,5 

.5.7 

O.OS 

10.0 

7.8 

4.8 

0.22 

R 34 

2.0 X 4 

n 

370 

9.0 

7.5 

0.15 

8.0 

6.1 

.5.8 

0,19 



RU 

2G0 

9.0 

7.8 

0.12 

8.0 

0.1 

.5.8 

0.19 



F 

760 

9.0 

7.4 

0.16 

S.O 

5.5 

5.2 

0.25 



T 

5G0 

9.0 

7.4 

0,10. 

8.0 

.5.3 

5.1 

0.27 

R 35 

2.0 X 4 

H 

400 

9.0 

7:1 

0.19 

.8.0 

0.1 

.5.9 

0.19 



RU 

2S0 

9.0 

0.8 

0.22 

S.O 

6,1 

.5.9 

0.19 



F 

1000 

9.0 


0.11 

S.O 

6.3 


0.17 



T 

650 

9.0 

m 

0.13 

8.0 

0,3 


0.17 

DurchschnittsAvcrt; 

■ 









Vordcrbelnc 




6.6 

0.16 

8.7 

6.3 

5.3 

0.24 

Hintcrbcinc 

■ 



6.9 

0.13 

8.7 

6.5 

5,3 

0.22 


Die Tabellen 25 und 26 bestaligen Avciterliin die fruhcr gcmachte 
Wahrnehmung, dass das D-Vitamin die Knochen nielir sCalcium- 
hungrig)) als unter normalen YerluiUnissen niaclil. ^Vahrend. 
die Vorderbeinspraparate der Koulrollscrie durchschniltlich 0.04 
mg Calcium und die Hinterbeinspraparate 0.07 mg aufgenommen 
batten, waren die entsprechenden Wertc bei der Hypcrvitaininose 
0.16 und 0.13 mg Calcium. Einebenso deutlicher Effckt dcsD-Vitn- 
mins, Avas die Aufnahme von organischem Phosphor betrifft, konnte 
dagegen nicht walirgenommen rvcrden. Es scheinl hierbei cine Tcn- 
denz zu einer grosseren Aufnahme bei der D-Hypers'itaminose 
dennoch vorzuliegen, da in dieser Serie die Vordcr- und Hinter- 
beinspraparate durchschnittlich 0.24 und 0.22 mg Phosphor auf- 
genommen hatten, wogegen die entsprechenden Werte der Kontroll- 
Versuche 0,17 bzv'. 0.14 mg Phosphor rvaren. Es ist jedoch wnhr- 
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scheinlich noch zu friih aus diesem Versuche irgend welche Schlusse 
uber die Einwirkung des Vitamin D auf die Aufnahme von Phos- 
phor zu Ziehen. Was die Menge der finalen anorganischen Phos- 
phorfraktion betrifft, so deutet auch dieser Versuch darauf hin, 
dass dieselbe vom Vitamin D nicht beeinflusst verden diirfte. 


4. Reieniion von Calcium. 

Ini Kenntnis des Zusammenhanges, velcher zwischen der Auf- 
nahme und der Retention von Calcium im Knochengewebe zu 
bestehen scheint, erschien das Studium des vom Vitamin D auf den 
letzterwahnten Mechanismus ausgeubten Einflusses Interesse zu 
erbieten. Zu diesem Zwecke wnirden insgesamt 30 Vorder- und 
Hinterbeinspraparate von 5 Kontroll- und 5 D-hypervitamino- 


TABELLE 27. Retention von Calcium in Raltenknochen. 
(10 ccm physlologischc NatriumchloridlSsung) 
Konlrolle. 


Nr. 

Vcrabrelchte 
Menge Scsnm61 
ccm 

Knochen 

Gewicht des 
PrSparats 
mg 

Initiales 

Ca rag 

Abgcgebenes 
Ca mg 

R 15 

1.0 X 4 

H 

590 

0 

0.34 



F 

1250 

0 

0.38 



T 

870 

0 

0.37 

R36 

1.0 X 4 

HRU 

650 

0 

0.55 



FT 

1300 

0 

0.67 



FT 

1300 

0 

0.54 

R 37 

1.0 X 4 

HRU 

540 

0 

0.49 



HRU 

570 

0 

0.52 


' 

FT 

1100 

0 

0.65 



FT 

1140 

0 

0.63 

R38 

1.0 X 4 

HRU 

555 

0 

0.47 



FT 

1090 

0 

0.56 

R39 

1.0 X 4 

HRU 

620 

0 

0.42 



FT 

1300 

0 

0.58 

Darchschnittswert; 





Vorderbeinc 


588 

0 

0.47 

Hinterbcine 


1169 

0 

0.55 
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TABELLE 28. mcnlion con Calcium in Hattcnknochen. 
(10 ccm physiologischc Natrlumchloridlusung) 
D-Uijpcroilaminosc, 


Nr. 

Vcrabreichte 
Mengc Vigantol 
ccm 

Knoclicn 

Gcwlcbl des 
Pruparats 
mg 

Inltlnlcs 

Ca mg 

Abgcgcbcnfes 
Ca mg 

R 27 

1.0 X 4 


050 

0 

ri.47 


(48000 r.E.) 

HRU 

830 

0 

0.40 



FT 

1370 

0 

0..58 

R28 

1.0 X 4 

HRU 

700 

0 

0.4.1 



I-TRU 

720 

0 

O.-M 



FT 

1650 

0 

n..50 

R40 

1.0 X 4 

HRU 

COO 

0 

0.40 



FT 

1155 

0 

0..59 



FT 

1205 

0 

n.44 

R41 

1.0 X 4 

H 

520 

0 

0.38 



RU 

350 

0 

0.3G 



mM 

1200 

0 

0.30 



HjH 

730 

0 

0,35 

R 42 

1.0 X 4 


500 

0 

0.31 



BH 

1070 

0 

0.33 



■■1 

750 


0.32 

Durchschnlltswerl: 





Vordcrfaelnc 


609 

0 

0.40 

Hintcrbeine 


1141 

0 

0.43 


tischen Ratten angewandt. Die Vitaminisierung gcschah bei dicsem 
Versuche vermittelst einer taglichen Zufuhrung von 12000 I. E. 
Vitamin D im Laufe von 4 Tagen. 

Der Versuch "wies bei den Knochen der D-hypendtaminotischen 
Ratten eine Tendenz auf. Calcium besser als die Praparate der 
KontroIIserie zu fixieren (Tabelle 27, 28). Im ersteren Falle gaben 
die Vorder- und Hinterbeinspraparale im Divrchscbnitt 0.40 und 
0.43 mg Calcium an die Natriumchloridlosung ab, wogegen die 
entsprechenden Zahlen der KontroIIserie 0.47 und 0.55 mg waren. 
Da, "wie oben eivs’ahnt, das D-Vilamin einen stiraulierenden Ein- 
fluss auf die Aufnabme von Calcium zu haben scheint, durfle liier- 
durch der »Calciumhunger» des Knochengewebes bei der D-Hj'per- 
Vitanunose s. z. s. im doppelten Sinrie hervorgehoben. 
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5. Retention von Phosphor. 

Fiir entsprechende, die Einwirkung des Vitamins D auf die 
Retention von Phosphor beleuchtende Versuche sind insgesamt 
37 Praparate von 5 Kontroll- und 5 D-hypervitaminotischen Ratten 
zur Anwendung gekommen. Die Zufuhrung von Vitamin D fand 
■wahrend 4 Tagen in Tagesdosen von 24000 I. E, statt. 

Die Tabellen 29 und 30 zeigen, dass kein nachweisbarer Unter- 
scliied in der IVIenge der abgegebenen totalen saureloslichen Phos- 
phorfraktion in den Parallelserien verspurt werden kann. Die 


TABELLE 29. Retention von Phosphor in Ratlenknochen. 
(10 ccm Robisons Grundlosung) 

Kontrolte. 


Nr. 

Vcrabrcichte 


Gewicht 


Abgegebe- 

Abgegebe- 

Menge Sesamol 
ccm 

Knochen 

Praparats 

mg 

P mg 

ncrTCE-P 

mg 

ner anorg. 
Pmg 

R 29 

2.0 X 4 

H 

500 

0 

0.40 

0.23 



RU 

350 

0 


0.20 



F 

1060 

0 


0.26 



T 

770 

0 

WBBM 

0.25 

R30 

2.0 X 4 

H 

270 

0 

0.16 

0.12 



RU 

200 

0 

0.12 

0.12 



F 

500 

0 

0.16 

0.16 



T 

400 

0 

0.15 

0.15 

R31 

2.0 X 4 

H 

390 

0 

0.24 

0.23 



RU 

250 

0 

0.26 

0.19 



F 

900 

0 

0.32 

0.32 

R 32 


T 

600 

0 

0.40 

0.26 

2.0 X 4 

H 

330 

0 

0.39 

0.32 . 



RU 

200 

0 

0.21 

0,20 



F 

760 

0 

0.23 

0.22 

R43 


T 

500 

0 

0.37 

0.19 

2.0 X 4 

H 

360 

0 

0.82 

0.51 




820 

0 

0.74 

0.42 




520 

0 

0.74 

0.42 


DUrchschnittswert; 

Vorderbeine 

Hinterbeine 


317 

683 


0 

0 


0.33 

0,39 


0.24 

0.27 
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TABELLE 30. [tctcntlon von Calcium In llotlcnhnodtfn. 
(10 ccm RobEons GnnitUfiumR) 
D-Uupcrvitaminosc. 


Nr. 

Vcrnbrclchtc 
Menpe Vlgcinlol 
ccm 

Knochen 

Gcwlchl 

dt”! 

Prflp.'irnts 

niK 

Inili.ilcr 

P inf? 

nerTCE-P 

Tnf> 

t 

net anofg.j 
P IS)!? 1 

- » 

R 33 

2.0 X 4 

H 

450 

0 

0,4n 

0.24 j 


(9GOOO I.E. 

RU 

300 

0 

0.41 

0.18 1 


VltnmSn D) 

F 

0.50 

0 

0.47 

0.07 1 



T 

000 

0 

0.47 

0,22 

R31 

2.0 X 4 

H 

300 

0 

0.18 

0.0.5 



‘r 

540 

0 

0.10 

O.fii", 

R 35 

2.0 X 4 

U 

400 

0 

0.22 

o.oe 



RU 

280 

0 

0,20 

o.or, 



r 

S20 

0 

0.20 

O.fiJ 



T 

COO 

0 

0.12 

0.12 

R 44 

2.0 X 4 

11 

480 

0 

0.-17 

0.25 



RU 

330 

0 

0.7f? 

0,19 



F 

1100 

0 

0.52 

0-20 



T 

710 

0 

0..52 

0.29 

R 45 

2,0 X 4 

H 

370 

0 

0.2! 

0,21 



RU 

270 

0 

0.13 

0.07 



F 

760 

0 

0.17 

0.17 



T 

550 

0 

1 0.17 

O.M 

DurchsebnUtswert; 






Vordcrbclnc 


360 

0 

0A3 

0.15 

Hintcrbcinc 


739 

0 

0.30 

O.IS 


Vorder- und Hinterbeinspraparate der Kontrolltiere gab«n durcJi- 
schnittlich 0.33 und 0.39 mg Phosphor ab, v.-ogegen die cntsprcchcn- 
den Werte fur die hypervitaminotischen 0.33 brvv. 0.30 mg warcn. 
Dagegen hat die aus den Knochen ausgeu'andcrtc anorganisdic 
Phosphorfraktion cine relative Abnahmc bci der D-Hypervita- 
minose (0.15 brw'. 0.15 mg) den Versuchen der Kontrollscrie gegen- 
uber (0.24 hzvr. 0.27 mg) aufzuwcisen. Die beiden abgegebcnen 
Phosphorfraktionen scheinen jedoch in don Versuchen cine ziemlich 
grosse Veranderlichkeit aufzuweisen, weshalb es vorcilig wiire, irgend- 
welche unmitlelbare Schlusse uber die Einwirkung des D-Vitamins 
auf die Fixierung von Phosphor in den Priiparaten zu ziehen. 
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TABELLE 31. Retention von Calcium und Phosphor in Meerschweinchenknochen. 
(10 ccm Robisons GrundlOsung) 

Kontrolle. 


Nr. 

Verabreichte 
Menge 
Sesamol ccm 

Kno- 

chen 

Gewicht 
des Pra- 
parats 
mg 

Initiale 
Ca und 
P mg 

Abgege- 
benes 
Ca mg 

Abgege- 

bener 

TCE-P 

mg 

Abgege- 

bener 

anorg. 

Pmg 

M16 

3.0 X 7 

F 


0 

0.32 


0.07 



T 


0 

0.29 



M17 

3.0 X 11 

F 


0 

0.31 





■■ 

■Bi 

0 

0.27 



Durchschnittswert: 

■ 






Hinterbeine 

■1 

860 

0 

0.30 

0.26 

0.15 


TABELLE 32. Retention von Calcium und Phosphor in Meerschweinchenknochen. 
(10 ccm Robinsons Grundlosung) 

D-Hgperviicaninose. 


Nr. 

Verabreichte 
Menge 
Vigantol ccm 

Kno- 

chen 

Gevricht 

des 

Prfipa- 
rats mg 

Initiale 
Ca und 
P. mg 

Abgege- 
benes 
Ca mg 

Abgege- 

bener 

TCE-P 

mg 

Abgege- 

bener 

rnoTg, 

P mg 

M27 

3.0 X 5 

F 

1000 

0 



0.11 


(180000 I.E. 

T 

730 

0 


0.22 

0.05 


Vitamin D) 







M19 

3.0 X 7 

F 

950 

0 

0.23 

0.29 

0.13 


(252000 I.E. 

B 

680 

0 

0.19 

0.20 

0.07 


Vitamin D) 

B 






M20 

3.0 X 11 


1160 

0 

0.25 

0.34 

0.22 


(396000 I.E. 


■ 850 

0 

0.22 

0.27 

0.15 

■H 

Vitamin D) 

■I 






Durchschnittswert: 

Hinterbeine 


895 

0 

0.22 

0.27 

0.12 


6. Retention von Calcium und Phosphor. 

Zn Kontrollzwecken wurde eine kurze Versuchsserie vorge- 
nommen, in der die Retention von Calcium und Phosphor in 10 
Hinterbeinspraparaten von 5 Meerschweinchen, von denen 2 
Kontrolltiere waren, gleichzeitig beobachtet vnirde. Die Vitamini- 
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sierung Avurde durch eine tagliche Zufulirung von 36000 I. E. D-\ ita- 
min im Laufe von 5 — 11 Tagen bewirkt. 

Die Ergebnisse der Tabelle 31 und 32 scheinen die fruhere Wahr- 
nehmung zu bestatigen, dass bei D-Hypervitaminose die Knochen 
eine Tendenz aufveisen Calcium besser als bei den Kontrollver- 
suchen fixieren zu konnen. Im ersteren Falle gaben die Prapa- 
rate an die Basallosung eine durchschnittliche Calciummenge von 
0.22 mg einemWerte von 0.30 mg in der Kontrollserie gegeniiber ab. 
Obwolil dieser Unterschied nicht besonders auffallend ist, zeigen 
jedoch die Versucbe, dass die Knochen bei D-Hyper\dlaminose in 
keinem Falle mehr Calcium als in den Kontrollversuchen abge- 
geben hatten. 

Was den ausdiffundierten totalen saureldslichen Phosphor be- 
trifft, so kann kein nennenswerter Unterschied zwischen den Ver- 
suchen der Kontroll- und der D-Hypervitaminoseserie (0.26 
bzw. 0.27 mg) verspiirt werden . und dieselbe Beobachtung scheint 
auch fiir die entsprechende anorgahische Pliosphorfraktion giiltig 
zu sein (0.15 bzw. 0.12 mg). Die Veranderlichkeit der abgegebenen 
Phosphormenge kam auch bei diesen Versuchen zum Vorschein. 

7. Serumcalcium und Bluiphosphor bei D-Hypcrvitaminosc, 

Im Anschluss an die obenerwahnten Versuche wurde der 
Kontrolle. wegen eine Serie von Calcium- und Phosphorbestim- 
mungen im Blute einiger Versuchstiere ausgefiihrt. Zu diesem 
Zwecke wrde das Blut von 31 Meerschweinchen, von denen 26 bei 
den friiher envahnten Versuchen zur Anwendung gekommen waren_, 
entnommen. Der Calciumgehalt wurde in dem Serum, die Phos- 
phorfraktionen im Vollblute bestimmt. 

Aus der Tabelle 33 ist zu ersehen, dass der Calciumgehalt 

w 

im Serum der D-hypervitaminoschen Tiere durchschnittlich etwas 
hoher war als in den Serien, bei welchen das Serum normaler und 
Kontroll-Tiere zur Anwendung kam. Das D-Vitamin erwies sich 
ebenfalls einen erhohenden Einfluss sowohl auf die totale siiure- 
losliche wie auch auf die anorganische Phosphorfraktion auszu- 
iiben. Diese Ergebnisse bestatigen somit die im Zusammenhange 
mit der Literaturubersicht erwahnten, uber diese Seite des Wir- 
kungsmechanismus des Vitamins D gemachten Beobachtungen. 



TABEI^LE 33. Scnimcalchim urul Dlttlphosphor bei Mcerschweinchen imicr verscliiedcncn Bcdingiuigen. 

A. Nomalc Tierc B. KontroUtterc C. D-hypervRaminolischc Ticrc 
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BEnKHAKD LANDTMAN. 


G. Aufnahme und Retention von Calcium und 
Phosphor im Knochengewehe hei 
D-Avitaminose. 

Um einc so vollsUindigc Vorstellung wic moglich von dcr voin 
D-Vitamin beim Calcium- und Phosphormetabolismus ini Knociicn- 
Gewebe gespielten Rolle im Ramcn diescr in\ilro ausgefiihrtcn 
Versuche zu erhalten, isl in den nachslchend bcscliriclicnen Yer- 
suchen der entsprechende Sloffwcchscl — ausgebend von den bei 
der D-Hypervitaminose gemachlcn Beobachlungen — bei der 
D-Avitaminosc stiidicrt worden. Bei diesen Iclzlcrcn Versuclien 
Avurden die Versuchstierc mil dcr racliitogcnen Kost Me Coi-lums 
aufgefiittert. Audi Iiei diesen Vcrsuchcn gcschah die Aiiswalil dcr 
Tiere auf eine grossmoglidistc Glcicbformiglceit der Priiparatc in den 
Parallel crien bin, Es kamen insgcsaml 133 Knoebenpraparate 
zur Anwendung, davon 65 als Konlrollmalcrinl. Die Vcrsucbslierc 
waren 22 Ratten (10 Kontrolltiere) und 15 Kanincbcn (7 Kontroll- 
tiere). Da die Knodicnpraparate der jungen Ratten bei diesen 
Versueben in den meisten Fallen viol kleiner als in den friiher 
besprochenen Experimenten waren, schien es als berecbligt die 
Menge der Inkubationslosungen in einigen Scrien . auf 4 — 5 cent 
zu vermindern, um den Calcium- und Phosphormetabolismus in 
diesen Prbparaten deutlicber zum Yorscbcin konnnen zu lasscn. 
Bei den einzelnen Versueben ist das Inkubationsmilieu fur die 
Praparate der Kontroll- und dcr Racliilistiere genau das gleicbe 
gewesen. 


1. Aufnahme von Calcium. 

In der Tabelle 34 und 35 sind die Ergebnisse der die Aufnahme 
von Calcium in 14 Hinterbeinspriiparalen von 4 Kontroll- und 
4 racliitiscben Ratten beleuclitendcn Parallelversucbe zusammen- 
gestellt. Der Caleiumgebalt der Inkubalionslosung war in diesen 
Versueben 12.2 mg %. 

Aus diesen Versueben geht liervor, dass die Genichtszunabme 
der Ratten in den beiden Gruppen im grossen ganzen verhaltnis- 
massig befreidigend ge^Yesen ist. Hinsiclitlicb der Aufnahme von 
Calcium wurde die beachtensAverte Walirnebnuing gemaebt, dass die 
Knoebenpraparate in der Racliitisserie diesen Stoff niebt ver- 



Nr. 

Diatdaucr 

Tagc 

Aiifangsge- 
wicht der 
Ravten g 

P 

•< 

CP 

Kiiochen 

Gcwiclit des 
Praparats mg 

Initiales 

Ca mg % 

Finales 

Ga mg % 

Aufgcnom- 
menes Ca mg 

R 46 

. 12 

41. 

n 

FT 

460 

12.2 

10.4 

0.18 

R47 

58 

46 


FT 


12.2 

12.3 

—0.01 





FT 

750 

12.2 

12.0 

0.02 

R4S 

58 

41 

90 

FT 

770 

12.2 

12.7 

—0.05 





FT 

750 

12.2 

12.2 

0.00 

R 49 

60 

39 

40 

FT 

610 

12.2 

13.6 

—0.14 

' 




FT 

640' 

12.2 

13.2 

—0.10 

Durchschnittswert: Hinterbeinc 


669 

12.2 

12.3 

—0.01 


TABELLE 35. Aufnalime von Calcium in Ratlenknochen. 
(10 ccm physlologischc NatriumcWoridlosung) 
D-Avitaminose. 


i ' 

Nr. 

Dialdauer 

Tage 

Anfangsge- 
wicht der 
Ratten g 

Endgewicbt 
der Ratten g 

Knochcn 

Gcwicht des 
Praparats mg 

Initiales 

Ca mg % 

Finales 

Ca mg % 

Aufgenom- 
menes Ca mg 

R 50 

50 

40 

60 

FT 


M 

15.1 

—0.29 





FT 


wm 

14.5 

—0.23 

R 51 

. 50 , 

37 

55 

FT 


12.2 

15.7 

—0.35 



1 


FT 


12.2 

15.1 

—0.29 

R52 

51 

42 

61 

FT 

620 

12.2 

13.5 

—0.13 

R 53 

60 

43 

77 

FT, 

690 

12.2 

17.5 

—0.53 





FT 

690 

12.2 

13.2 

—0.10 

Durchschnittswert: Hinterbeinc 


657 

12.2 

14.9 

—0.27 


werten zu konnen scliienen. In alien Versuchen dieser Serie hat 
anstatt einer Aufnahme eine nachweisbare Abgabe von Calcium aus, 
den Praparaten an die Inkubationslosung stattgefunden. Der Mit- 
telwert der ausdiffundierten Calciummenge war 0.27 mg. Hier 
scheint also das Verhaltnis genau umgekehrt zu sein me es bei der 
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BEUNHARI) LA^’DTMA^’• 


TABELLE 36. Aufnahme von Calcium in KaninchcnUnoclien. 
(10 ccm physiologischc Katriiinicliloridlosung) 
Kontrolle. 



TABELLE 37. Aufnahme von Calcium in Kaninchcnknochen. 
(10 ccm physiologischc Natriumchloridlosung) 
D-Aviiaminosc. 
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\ 

H 5 ^pervitaminose war. Auch in der Kontrollserie zeigten die Prapa-, 
rate eine verminderte Calciumaufnahmefahigkeit, obwohl diese 
oiMindenvertigkeit)) hier nicht so auffallend war wie in der 
Rachitisserie. Der Blittelwert der finalen Calciummenge zeigt 
jedoch, dass aucli hier die Praparate in den meisten Versuchen 
Calcium abgegeben haben (0.01 mg), 

DieTabellen 36 und 37 veranschaulichen eine entsprechende Ver- 
suclisserie, in der 26 Hinterbeinspraparate von 4 Kontroll- und 
6 D-avilaminotischen Kaninchen zur Anwendung kamen. Der 
Calciumgehalt der Inkubationslosung war auch bei diesen Ver- 
suchen 10.2 mg %. 

Bei der Beschreibung der Arbeitsmethodik ist hervorgehoben 
worden, dass Kaninchen die rachitogene Kost Me Collums sich 
ungern zunutze machten. Die Tiere assen schlecht und viele 
von ihnen vdesen schon einige Tage nach dem Beginne der 
Diat Zeichen von Inanition auf. Dieser Umstand kam u. a. zum 
Ausdruck durch eine Abnahme im Gewicht der Tiere in beinahe 
alien Versuchen der beiden Serien. Was die Aufnahme von Calcium 
betrifftj so geht aus den Versuchen her\'or, dass eine Adsorption in 
den meisten Fallen der beiden Gruppen statt gefunden ist, wobei 
jedoch die Praparate der »Rachitisserie» eine Neigung aufwdesen 
weniger Calcium als die Kontrollpraparate aufzunehmen. AValirend 
der JMittelwert der aufgenommenen Calciummenge im ersteren 
Falle 0.06 mg war, hatte die Kontrollserie einen solchen von 0.16 
aufzuweisen. In den beiden Gruppen schien die Fahigkeit der 
Knochen Calcium zu venverten ziemlich grossen Schwankungen 
unterworfen zu sein. In der Kontrollserie machte sich bei den 
Praparaten eine Tendenz weniger Calcium bei verlangerter Diat- 
dauer aufzunehmen fiihlbar. 


2. Aufnahme von organischem Phosphor. 

Als A^ersuchsmaterial fur Untersuchungen iiber die Aufnahme 
von organischem Phosphor im Knochengewebe bei der D-Avita- 
minose kamen 34 Vorder- und Hinterbeinspraparate von 9 Ratten, 
darunter 4 Kontrolltieren, zur Anwendung. Bei diesen Versuchen 
war die Phosphorkonzentration der Inkubationslosung 20 mg % 
(Die absolute Menge: 0.8 mg Phosphor). 


7 



98 


BEHNIIAnD LANDTMAN. 


TABELLE 38. Aufnahmc von organischcm Phosphor in Rallcnknochcn. 
(4 ccm Robisons Grundlosung) 

Kontrolle. 


Nr. 

Diatdauer 

Tagc 

Anfangs- 
gewicbt der 
Ratten g 

Endgewicht 

der 

Ratten g 

Knochen 

Gewiclit des 
Praparats 
mg 

Initlaler 
TCE-P 
mg % 

Finaler 
TCE-P 
mg % 

2 §2 

vg'P S' 

2 

s c 

S § 0? 

fT^ ^ 2 

tn ^ g 

1 

R54 

17 

30 

35 


200 


18.3 

7.5 

0.07 





HRU 

210 


18.0 

7.3 

0.06 





F 

170 

20.0 

20.0 

6.6 

0.00 





F 

180 

20.0 

20.0 

6.4 

0.00 





T 

160 

20.0 

17.3 

6.1 

0.11 





T 

150 

20.0 

18.9 

5.9 

0.04 

R 55 

24 

39 

40 

HRU 

220 

20.0 

18.9 

0.8 

0.04 





HRU 

210 

20.0 

19.7 

5.7 

0.01 





F 

220 

20.0 

19.1 

6.1 

0.04 





F 

215 

20.0 

19.7 

6.2 

0.01 





T 

180 

20.0 

21.0 

5.5 

—0.04 





T 

195 

20.0 

20.0 

5.2 

0.00 

R 56 

39 

39 

81 

HRU 

250 

20.0 

18.2 

10.6 

0.07 





F 

300 

20.0 

17.3 

9.7 

0.11 





T 

250 

20.0 

18.8 

9.1 

0.05 

R 57 

41 

53 

95 

H 

200 

20.0 

15.5 

8.2 

0.18 





RU 

160 

20.0 

14.4 


0.22 





T 

250 

20.0 

15.5 

8.7 

0.18 

Durchschniltswert: 





■ 



Vorderbeine 



207 

20.0 

mm 

7.9 

0.09 

Hintcrbeinc 



206 

20.0 

B 

6.9 

0.04 


Die Tabellen 38 und 39 zeigen, dass irgend wclchcr augen- 
scheinlicher Unterschied in der Aufnahme von Pliosphor in 
den beiden Gruppen sicli nicht entdecken lasst. Die Vorder- und 
Hinterbeinspraparate der Kontrollserie batten im Durchschnitt 
eine Phosphormenge von 0.09 bzAv. 0.04 mg aufgenommen, vah- 
rend die entsprechenden Zahlen der Rachitisserie 0,06 und 0.06 nr g 
waren. In den beiden Serien schwankte die Aufnahme von Phos- 
phor in den einzelnen Versuchen ZAvisclien ziemlich weiten Grenzen. 
Hinsichtlich der finalen anorganischen Phosphorfraktion der 




















Nr. 


, O 
>-iE 
S E 

O 


03 - 

p ? 

^ 03 
„ C# «rt 
03 o ' 


^ 5 
S3 n. 

J* £5.03 

® S 

3 ^ 


03 


< 

►-« 

O 


o 


3 *§ 

03 » 
P 


3^E 

oa y r* 

V.O ^ »■ 

^ ^3 n 


=? ^2 

|Q5 

S'® 


i ® E 
' 'V £?■ 


» 

353 

” oa » 


*U 


■ > 

3 3 £ 
= <5 oa 
oa 3 cs 
O o 3 
o^ 2 
13 3 


R58 

20 

34 

37 

HRU 

205 


16.7 

7.8 






HRU 

210 


16.9 

7.3 






F 

190 

20.0 

17.7 

6.4 






F 

200 

20.0 

19.3 

7.7 






T 

160 

20.0 

18.9 

5.9 






T 

150 

20.0 

19.2 

5.6 


R 59 

21 

32 

37 

HRU 

200 

20.0 

18.8- 

8.0 






HRU 

210 

20.0 

20.0 

7.7 

0.00 





F 

190 

20.0 

19.4 

6.5 

0.02 





F 

190 

20.0 

18.2 

6.5 

0.07 





T 

195 

20.0 

17.6 

6.0 

0.10 





T 

185 

20.0 

16.0 

5.5 

0.16 

R 60 

25 

42 

50 

HRU 

220 

20.0 

19.7 

7.0 

0.01 





F 

225 

20.0 

20.3 

6.4 

—0.01 





T 

210 

20.0 

19.1 

4.8 

0.04 





T 

200 

20.0 

22.1 

5.7 

—0.08 

R61 

38 

40 

48 

HRU 

225 

20.0 

18.8 

8.5 

0.05 





F 

240 

20.0 

19.4 

8.8 

0.02 





T 

230 

20.0 

19.1 

9.1 

0.04 

R 62 

41 

30 

57 

F 

220 

20.0 

15.5 

9.2 

0.18 





T 

210 

20.0 

16.0 

9.2 

0.16 

Durchschnittswert: 





■1 


■I 

Vorderbeine 



212 

20.0 

wm 

7.7 


Hinterbein 



200 

20.0 

Is 

6.9 



Inkubationslosung konnte auch hier kein nennenswerter Unter- 
schied zwischen den Parallelserien verspiirt werden. Bei den Ver- 
suchen mit Vorderbeinspraparaten war in den Kontroll- und 
Rachitisserien die Konzentration der finalen anorganischen Phos- 
phorfraktion in der Inkubationslosung 7.9 und 7.7 mg %, wogegen 
die entsprechenden Werte in den beiden Serien mit Hinterbeins- 
Praparaten gleich 6.9 war. Die Ergebnisse gehen somit in derselben 
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BERNHAnn LAKDTMAN. 


Tabelle 40. Reknlion von Calcium in Itatlenknochen. 
(5 ccm physiologische Nalriiimchloricllosung) 
Konirolk. 


Nr. 

Dlatdaucr 

Tage 

1 

Anfangsge- 
wicht der 
Ratten g 

Endgcwiclil 

der 

Ratten g 

Knochen 

o 
^ 5 

i: o ►J. 

^ rt 

5 ^ 

Inlllales 

Ca mg % 

V.O 

O" 

> 

c 

fc. i /“ 

^ 5^ 

^ g 

o 

ir 

R 46 

12 

41 

n 

I4RU 


0 

4.4 

0.22 

R 63 

41 

53 


HRU 


0 


0.30 





HRU 


0 



R 47 

58 

46 

70 

IIRU 

380 

0 







HRU 

420 

0 

3.4 


R 48 

58 

41 

■ 11 

HRU 

500 

0 

4.7 


R49 

60 

39 

mm 

HRU 

380 

0 

4.4 


Durchschnittsvert: Vorderheine 


400 

0 

4.8 

0.24 


TABELLE 41. Retention von Calcium in Raltenknocben, 
(5 ccm physiologische Kalriumchloridlosung) 
D-Avilaminosc. 


Nr. 

Diatdaucr 

Tage 

1 

5-^ > 

III 

S'cS 

cn 2 o 

» C- 

j: C.J5 

= " 5 ' 

!n g- 

1 

•J 

= - 5 

3 c2. 

^ (r. ri 
rr. ^ 

n _ 

1*^ 

a g. 

> 

7Z g 

R 64 

41 

05 

150 

HRU 

410 

0 

6.8 






HRU 


0 

5.7 


R 50 

50 

40 

60 

HRU 

B 

0 

G.5 






HRU 

350 

0 

5.5 

0.2S 

R 51 

50 

37 

55 

HRU 

350 

0 

5,5 

0.28 





HRU 

350 

0 

6.2 

0.31 

R 52 

51 

42 

01 

HRU 


0 

5.0 

0.2S 

R 65 

52 

43 

77 

HRU 

III 

0 

9.7 

0.49 

Durchschnittswert: Vorderbicne 


349 

0 

6.4 

0.32 


Richtung wie in den Versuclien hei D-Hypen’itanunose, bei 
welcher kein unmittelbarer Einfluss des D-Vilamins auf dicAuf- 
nahme von Phosphor beobachtet verden konnte. 









































TABELLE 42. Retention von Phosphor in Rattenknochen. 
(4 ccm Robisons Grundlosung). KontroUe. 


Nr. 

Diiitdaucr 

Tage 

Anfangsgc- 
wicht der 
Ratten g 

Endgcwicht 

der 

Ratten g 

Knochen 

Gewicht 

des 

Priiparats mg 

" -r- 

S3 

3 §! 

Abgegebener 
TCE-P mg 

Abgegebener 
anorg. P 
mg 

RC6 

9 

33 

39 

H 

130 

0 

0.19 

0.09 





H 

120 

0 

0.18 

0.05 





RU 

110 

0 

0.09 

0.07 





RU 

105 

0 

0.07 

0.05 





F 

205 

0 

0.22 

0.04 





F 

215 

0 

0.18 

0.10 





T 

200 

0 

0.16 

0.08 





T 

190 

0 

0.14 

0.04 

R 56 

39 

39 

81 

HRU 

255 

0 

0A6 

0.16 





F 

300 

0 

0.13 

0.13 





T 

245 

0 

0.12 

0.12 

R 57 

41 

53 

95 

H 

180 

0 

0.18 

0.18 





RU 

170 

0 

0.15 

0.13 





F 

330 

0 

0.30 

0.24 

Durchscbnittswcrl : 






■i 

Vordcrbcinc 



153 

0 

0.15 


Hinlcrbcinc 



241 

0 

0.18 

iii 


TABELLE 43. Retention von Phosphor in Rattenknochen. 
(4 ccm Robisons Grundlosung). D-Avitaminose. 


Kr. 

2 

tit 

tr' 

“ g 

o 

Anfangsge- 
wicht dcr 
Ratten g 

Endgcwicht 

dcr 

Ratten g 

Knochen 

Gewicht 

des 

Praparats mg 

Initialer P 
mg 

Abgegebener 

TCE-P 

mg 

Abgegebener 
anorg. P 
mg 

R 67 

7 

40 

30 

H 

115 

0 


0.08 





H 

115 

0 


0.08 





RU 

100 

0 

0.09 

0.06 





RU 

105 

0 

0.08 

0.07 





F 

200 

0 

0.13 

0.11 





F 

190 

0 

0.13 

0.09 





T 

180 

0 

0.18 

0.08 





T 

170 

0 

0.13 

0.07 

R 61 

38 

40 

48 

HRU 

220 

0 

0.15 

0.15 





F 

240 

0 

0.15 

0.14 





T 

225 

0 

0.14 

0.13 

R 62 

41 

30 

57 

HRU 


0 

0.18 

0.18 





F 


0 

0.17 

0.17 

' 




T 

ESI 

0 

0.16 

0.16 

Durchschnittswert : 







Vorderbeine 



151 

0 

0.13 

0.10 

Hinterbeine 



206 

,0 

0.15 

0.12 




































102 


BERNHA.RD LANDTMAN. 


3. Retention von Calcium. 

Die Tabellen 40 und 41 veranschaulichen die Abgabe von Cal- 
cium ah eine physiologische Natriumchloridlosung aus 15 Vorder- 
beinspraparaten von 5 Kontroll- und 5 rachitischen Ratten. Einige 
dieser Ratten sind als Yersuchstiere in den die Aufnahme von Cal- 
cium in die Hinterbeinspraparate bei Rachitis beleuchtenden 
Parallelserien angewandt wordsn. 

Wie es aus den Tabellen 40 und 41 hervorgeht, zeigen die rachi- 
tischen Knochen eine Tendenz Calcium schwacher als die Kontroll- 
Praparate fixiefen zu konnen. In dem ersteren Falle gaben die 
Praparate durchschnittlich 0.32 mg Calcium ab und 0.24 mg in 
der Kontrollserie. Bei Rachitis diirfte also das Verhaltnis dem 
bei der D-Hypervitaminose herrschenden ein gerade entgegen- 
gesetztes sein. 


4. Retention von Phosphor. 

Fiir Untersuchungen betreffend die Retention von Phosphor 
sind 28 Knochenpraparate von 6 Ratten, von denen die Halfle 
Kontrolltiere waren, zur Anwendung gekommen. 

Die Ergebnisse sind in der Tabelle 42 und 43 zusammengestellt 
Worden. Aus den Versuchen ist zu ersehen, dass irgendwelcher 
nennenswerter Unterschied zwischen den in den beiden Gruppen 
aus den Praparaten herausgewanderten Phosphormengen nicht 
beobachtet werden kann. Wahrend die Yorder- und Hinterbeins- 
Praparate der Kontrollserie im Durchschnitt eine totale saure- 
losliche Phosphormenge von 0.15 und 0.18 mg abgaben, waren die 
entsprechen Zahlen in der Rachitisserie 0,13 bzw\ 0.15 mg. In den 
meisten Fallen lag der herausdiffundierte Phosphor hauptsachlich 
in anorganischer Form vor, jedoch konnte kein auffallender Unter- 
schied in der Grdsse dieser Fraktion in den Parallelversuchen 
entdeckt werden. 

Fiir Kontrollzwecke wurde ausserdem die Abgabe von Plios- 
phor in einem Parallelversuche beobachtet, fiir welchen insgesamt 
25 Vorderbeinspraparate von 5Kontr611-und6D-avitaminotischen 
Kaninchen angewandt -wurden. Da die anorganische Phosphor- 
Salze die hauptsachlichsten Phosphor verbindungen im Knochen- 



tierexperimentelle uxtersuchuxcen uber den calcium U.S.M'. 


TABELLE 44. Retention von anorganischem Phosphor in Kaninchenknochen. 
(10 ccm physiologische Natriurachloridlosung) 

KontroUe. 


Nr. 

Diat- 

dauer 

Tage 

Anfangs- 
gewicht 
der Ka- 
ninchen g 

Endge- 
wicht 
der Ka- 
ninchen g 

Kno- 

chen 

Gewicht 

dcs 

Prapa- 
rals mg 

Initialer 

anorg.P 

mg 

Abgege- 
bener 
anorg. P 
mg 

Kll 

14 

450 

450 

H 

■Qj 

0 

0.44 





RU 


0 

0.53 





RU 


0 

0.47 

K3 

30 

300 

210 

H 


0 

0.31 





H 

900 

0 

0.34 

K 13 

43 

330 

420 

H 

1300 

0 

0.29 





H 

1330 

0 

0.31 





RU 

1000 

0 

0.31 





RU 

900 

0 

0.33 

K12 

44 

350 

410 

H 

1350 

0 

0.31 





H 

1350 

0 

0.34 

K4 

57 

520 

480 

RU 

1700 

0 

0.29 





RU 

1650 

0 

0.31 

Durchschnitts^vert: Vorderbeinc 


1232 

0 

0.35 


TABELLE 45. Retention von anorganischem Phosphor in Kaninchenknochen. 
(10 ccm physiologische Natriumchloridlosung) 

B-Avitaminose. 


Nr. 

Diat- 

dauer 

Tage 

Anfangs- 
gcwicht 
der Ka- 
ninchen g 

Endge- 
^vicht 
der Ka- 
ninchen g 

H 

Gewicht 

des 

Prapa- 
rats mg 

Initialer 
anorg. P 
mg 

Abgege- 
bener 
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mg 

K5 

9 

435 

280 

H 

1315 

0 

n 





H 

1335 

0 

WBm 

KG 

24 

395 

300 

H 

1250 

0 



, 



RU 

900 

0 

0.33 

K14 

29 

290 

270 

H 

1000 

0 

0.40 





H 

1100 

0 

0.47 

K 15 

29 

320 

300 

H 

1150 

0 

0.50 





H 

1070 

0 

0.77 

K7 

30 

360 

320 

H 

1120 

0 

0.24 





RU 


0 

0.38 

KIO 

30 

330 

340 

H 

KB' W 

0 

0.50 





RU 

850 

0 

0.40 

— 1 r 1 


Durchschniltsvrert; Vorderheine 


1094 
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0.42 
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Gewebe darstellen, wurde in diesem Versuche die Herausdiffun- 
dierung nur dieser Fraktion beobachtet. 

Die Tabellen 44 und 45 zeigen, dass die Praparate der Koniroll- 
Serie durchschnittlich eine Phosphormenge von 0.35 mg im Gegen- 
satz zu derselben von 0.42 mg der )>Rachitisversuclie)> abgegeben 
batten, was auf eineTendenz der Knochen im letzteren Falle Phos- 
phor schwacher fixiert haben zu konnen deuten diirfte. Irgend- 
welche unmittelbare Schliisse diirfte man jedoch kaum hieraus 
Ziehen konnen, da die abgegebene Phosphormenge in der nRachi- 
tisseries in recht grossem Ausmasse variieren zu konnen scheint. 


H. Besprechungf der Versuchsergebnisse bei 
D-Hypervitaminose und bei D-Avitaminose. 

tiberblickt man die Ergebnisse der verschiedenen, im letzten 
Teile dieser Arbeit beschriebenen Versuche, so ergibt es sicli, dass 
die Einwirkung des D-Vitamins auf den Calciumstoffwechsel in 
den Praparateh eine einheitliche Tendenz aufzuweisen schcint, 
wogegen der Effekt des Vitamins auf den entsprechenden Phos- 
phormetabolismus nicht ebenso auffallend ist. 

Die einleitendeii Beobachtungen bei der D-H 3 'pervitaminose 
zeigen, dass das Vitamin D einen stimulierenden Einfluss auf die 
Aufnahme von Calcium ins Knochengewebe hat. Wie kann man 
sich die Entstehung dieses Effekte vorstellen? Bei der Beurteilung 
dieser Frage muss in ersterReihe beachtetwerden, dass das Inkuba- 
tionsmilieu in den Kontrollversuchen und den Parallelserien genau 
gleich gewesen ist. Unter solchen Verhiiltnissen kann der Effekt 
des D-Vitamins auf keine andere Weise als vermittelst einer unmit- 
telbaren Einwirkung auf im Knochengewebe selbst enthaltene 
Faktoren, Avelche auf irgend eine Weise im Mechanismus der Auf- 
nahme von Calcium mit einbegriffen sind, entstanden sein. Den 
Versuchen mit normalem Knochengewebe nach zu urteilen, scheint 
diese Aufnahme mit einem aktiven Prozesse verglichen werden 
zu konnen, weshalb die Vermutung nahe liegen diirfte, dass der 
Effekt des D-Vitamins diesen Vorgang unmittelbar stimulieren 
konnte. Was den nalieren Wirkungsmechanismus des \^tamins 
betrifft, so konnen verschiedene Moglichkeiten in Betracht kom- 
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men. In erster Reihe scheint man vielleicht die Moglichkeit in 
Erwiigung nehmen zu konnen, dass das D-Vitamin einen Einfluss 
auf die im Knochengewebe herrschenden Permeabilitatsverhalt- 
nisse ausiiben diirfte. Diese Annahme steht im Einklange mit der 
friiher envahnten Ansiclit in einer u. a. von Bond, Harris und 
Nicol-aysen vertretenen Studienriclitung, dass das D-Vitamin die 
Aufnahme von Calcium in verschiedene Gewebe befordere, da es 
deren Diffujiohspermeabilitat fiir diesen Stoff erhohen solle. 

Sollte man andererseits von der Annahme ausgehen, dass das 
Calcium bei der Aufnahme in Praparate xvenigslens zum Teil von 
Proteinsubstanzen adsorbicrl xvird, so scheint es nicht ausgeschlos- 
sen zu sein, dass das D-Vitamin auf irgend einer Weise eine solche 
Bindung befordern konnte. Im Kenntnis des ungleich starken 
Vermogens verschiedener Proteinsubstanzen Calcium zu binden,. 
ist es nicht undenkbar, dass dem D-Vitamin gleichzeitig eine Rolle 
bei der Bildung von einem eine besonders starke Calciumaffinitiit 
besitzenden Proteinlcomplex zukommen konnte. 

Ohne dass die Versuche eine unmittelbare AnUvort auf diese 
ven\-irkelte Frage geben konnen, diirfte des weiteren die Moglich- 
keit in Envagung gezogen werden, dass das D-Vitamin in irgendei- 
nem nahen Zusammenhange mit den im Knochengewebe tatigen 
spezifischen osteogenetischen Prinzipien, welche in der letzten 
Zeit ein immer lebhafteres Interesse erweckt haben,.stehen konne. 
Insbesondere da es bekannt ist, dass das dem Organismus zuge- 
fiihrte D-vitamin in fettreichen Geweben, unter welchen der 
Knochenmark eine hervorragende Rolle spielt, aufgespeichert 
Avird, ist es nicht undenkbar, dass das Vitamin bei der Bildung und 
der eventuellen Alctivierung dergleichen lokalen osteogenetischen 
Prinzipien im Knochengewebe von unmittelbarer Bedeutung sein 
kann. 

In diesem Zusammenhange ware es angebracht noch eine von 
Engstrom und Orell (1943) neulich gemachte, die Eigenschaften 
soldier die Knochenbildung hervorrufenden spezifischen Stoffe 
beleuchtende Beobachtung zu erAvahnen. Bei subcutaner Implan- 
tation von vor dem Versuche, in einigen Fallen bis auf — 190°" 
herab, abgekiihlter Knochenpraparate, konnten die genannten 
Forscher nach 4 — 6 Wochen Zeichen einer Neubildung von 
Knochen in der Umgebung des Implantats entdecken. Diese Beo- 
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bachtung ist auch insofern von Interesse, dass sie zeigt, dass das 
Knochenpraparat trots der Abkiihlung Stoffe enthalt, welche das 
subcutane. Gewebe zur Knochenbildung anregen konnen. Das 
tlberleben des Knocbengewebes selbst scheint also keine notwen- 
dige Voraussetzung fiir die Erreichung dieses Effektes zu bilden. 

Gelegentlich dieser Frage diirfte desweiterenerwahntwerden, dass 
auch Nicolaysen auf Grund seiner letzten Versuche (1943) von der 
Existenz eines »endogenen», die Aufnahme von Calcium bei jungen 
Ratten befordernden Faktors spricht. Die Abhangigkeit dieses 
Faktors vom Vitamin D ist daraus zu ersuchen, dass er keine 
Wirkung beim Fehlen des Vitamins zu haben scheint. 

Aus meinen Versuchen geht hervor, dass das D-Vitamin, indem 
es das Vermogen des Knocbengewebes Calcium aufzunehmen er- 
hoht, gleichzeitig auch eine, wenn auch nicht so offenbare, Nei- 
gung einer starkeren Fixierung dieser Substanz in den Praparaten 
hervorruft. Diese Wahrnehmung diirfte als ein weiteres Anzeichen 
dafvir dienen, dass ein naher Zusammenhang ZAvischen diesen bei- 
denSeiten des Calciummetabolismus im Knochengewebe besteht, 
•Bei der Beurteilung der Frage, wie denn die starkere Fixierung zu 
stande kommt, liegt die Vermutung nahe, dass das D-Vitamin auch 
hierbei auf zellulare und enzymatische Prozesse, welche auf 
irgend eine Weise die Fixierung von Calcium im Knochengewebe 
regulieren, einwirken konne. Man kann sich vielleicht vorstellen, 
dass dieselben Faktoren, welche die Aufnahme von Calcium ins 
Knochengewebe befordern, auch eine starkende Wirkung auf die 
Fixierung dieser Substanz ausuben. Dem Umstande, dass das 
D-Vitamin den »CalciumshungeD> des Knocbengewebes erhoht, 
wrde in diesem Falle eine doppelte Wirkung zu grunde liegen. 

Im Zusammenhange mit der Literaturiibersicht wuirde die 
Beobachtung erwahnt, dass die Zufiihrung von D-Vitamin in allzu 
grossen Dosen eine Demineralisation vom Typus »ostitis fibrosa*) 
mit sich ziehende Storungen im Stoffwechsel des Knocbengewebes 
hervorrufen konnen. Es ist deshalb vorstellbar, dass eine solche 
Wirkung bei Versuchen in vitro in einer Verminderung der Auf- 
nahme Oder der Fixierung von Calcium im Knochengewebe Ausdruck 
finden konnen. Der Umstand, dass eine solche Wirkung des 
D-Vitamins bei meinen Versuchen nicht verspiirt worden ist, durfte 
vielleicht darauf zuruckzufiihren sein, dass die verabreichte Vita- 
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ininmenge zu klein Oder dass eher die Zufiihrungszeit aUzu kurz 
gewesen ist um irgend welche Nebemvirkungen ausser -dem posi- 
ti«n Effekt des D-Vitamins auf den Caldummetabolismus im 
Knochengewebe zum Vorschein kommen zu lassen. Die Frage, 
weldier Mechanismus der von einer Oberdosierung von Vitamin 
D hen-'orgerufenen demineralisicrenden Einvirkung auf das Skelett 
uberhaupt zu grunde lie’ge, ist nicht naher untersucht worden. Im 
Kenntnis der knochcnauflosenden Wirkung gewisser Hormone, 
insbesonderc desjenigen der Parathyreiodea, erscheint es jedoch nicht 
unmoglich, dass cine allzugrosse Dbcrschreitung der optimalen Dosis 
D-Vitamins zu einer t)berproduktion dieser Hormone fuhrenkbnne. 

Die Wahrnehmung, dass in mcinen Versuchen das D-Vitamin 
keinen cbenso ausgepriigten Effekt auf den Phosphor ^wie auf den 
Calciumssoffwechscl auszuQbcn scheint, durfte wahrscheinlich nicht 
allzu kathcgorisch gcdeulct verden. Es ist ausserdem schwer, 
irgcndwelche endgultigc Schlussfolgerungcn uber diese Seitc des 
Wirkungsmechanismus dcs D-Vitamins aus den Resultaten zu 
ziehen, veil die Versuche gezeigt haben, dass sowohl die Auf- 
nahmc, we die Fixicrung des organischen Phosphors, vas dcren 
Intensitat betrifft, bci derHyperv'itaninose sowohl in den Kontrpll- 
vie in den Parcllclscricn z^^ischcn recht bedeulenden Grenzen 
schwanken zu konnen scheint. 

Eine Beobachtung von Cohn und GnEENDERo (1939), die im 
gewsisen Einklangc mit meinen Ergebnissen steht, verdient in 
•diesem Zusammenhange cnvhhnt zu werdcn. Die genannten 
Forscher konntcn im Anschluss an ilirc Versuche mit radioakti- 
vem Phosphor keinen Effekt des D-Vitamins auf die Aufnahme von 
organisch gcbundenem Phosphor im Knochengewebe von Ratten 
\*erspuren. Dagegen crwies das D-Vilamin sich in einigen Fallen die 
anorganische Phosphorfraktiou erhdhen zu kSnnen. Die fraglichen 
Versuche fflhrlen zum folgenden Schlussatze; »Tlie logical conclu- 
sion is that the vitamin acts to aid the conversion of organic to 
inorganic phosphorus, and that the transfer of phosphorus from 
blood to the organic fraction of ))one is independent of vitamin D». 
Entsprechende Untersudiungen sind auch von Morgabeidge und 
Manly (1939) ausgefuhrt worden, wclche keinen Zusammenhang 
zwischen D-Vitamin und der Aufnahme von anorganischem radio- 
aktiven Phosphor in Knochendiaphysen nachweisen konnten, Dage- 
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gen solle das Vitamin die Aufnahme von Phosphor in iMetaphysen 
befdrdern. 

Sollte man die Aufnahme von organischem Phosphor in einen 
Zusammenhang mit der Phosphatasetatigkeit in den Knochen- 
Praparaten stellen, so kann die ausgebliebene Wirkung des D-Vita- 
mins auf diese Aufnahme in meinen Versuchen vielleicht als ein 
Ausdruck dafur, dass das D-Vitamin auf diese Enzymetiitigkeitkeinen 
Einfluss ausiibe, gedeutet werden, Fiir die Richtigkeit einer solchen 
Annahme spricht zum Teil die Beobachtung, dass die -Menge der 
finalen anorganischen Phosphorfraklion, welche wenigstens zum 
Teil durch die Einwirkung von Phosphalas auf das Natriumglycero- 
phosphat in der Inkubationslosung entstehen diirfte, keinen auffal- 
lenden Unterschied in den Kontrollversuchen und den Parallel- 
serien bei D-Hypervitaminose aufwies, Allerdings muss beider 
Erorterung dieser Frage der Umstand beachtet werden, dass auch 
die finale anorganische Phosphorfrg.ktion, was deren Grosse be- 
trifft, recht ansehnlich bei den verschiedenen Versuchen schwankte, 
weshalb auch in diesem Falle keine endgiiltige Schlussfolgerung in 
die Rede kommen zu konnen scheint. 

Bei den Versuchen trat in den Knochenpraparaten eine Neigung 
hervor organisches Phosphor bei gleichzeitigem Anwesen von Cal- 
cium in der Inkubationslosung bei D-Hypervitaminose starker 
als in den Kontrollserien aufzunehmen. Es erscheint deshalb nicht 
ausgeschlossen, dass die starkere Aufnahme von Calcium bei D- 
Hypervitaminose zu gleichzeitiger Herbeifiihrung einer entsprechen- 
den Wirkung auf den Phosphormetabolismus beitragen diirfte. 
Diese Annahme stehfim Einldange mit der friiher envahnten Beo- 
bachtung von Freudenberg und Gyorgy, dass Calcium auf die 
Aufnahme von Phosphor in das Knochengewebe in vitro einen 
stimulierenden Einfluss ausiibe, da dieselbe in direktem Verhiiltnis 
zur primaren Anreicherung' von Calcium stand. Es halt schwer 
schlussgiltig zu entscheiden, worauf dieser Effekt von Calcium 
auf die Aufnahme von organischem Phosphor zuruckgefiihrt 
werden durfte. Es ist jedoch nicht ausgeschlossen, dass das Calcium 
bei der Aufnahme. in das Knochengewebe eine aktivierende Ein- 
wirkung auf die Phosphatasetatigkeit in demselben ausiiben kann. 
Das Calcium durfte somit dieselbe Wirkung haben, wie es bekannt- 
lich mit dem Magnesiumion der Fall ist. 
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AIs ein weiterer Beleg dafiir, dass der Phosphorstoffwechsei 
im Organismus in einer nahen ■ Abhangigkeit von der Anwesenheit 
von Calcium zu stehen scheint, durfte in diesem Zusammenhange 
die Auffassung envahnt werden, welche geltend gemacht hat 
(Bailey sowie Needham 1942), dass das Myosin, dem in jiingster 
Zeit die Rolle eines Adenylpyrophosphorsaure spaltenden Enzyms 
zugeschrieben worden ist, das Vorhandensein von Calciumionen 
voraussetzt. Gemiiss diesen Forschern soil die Erhohung der Auf- 
nahme von Calcium in das Muskelgewebe einer von den Effekten des 
D-Vitamins sein, welcher zu einer Aktivierung des Myosins fiihren 
und den Phosphormetabolismus auf diese Weise stimulieren durfte. 

Irgend welche die Einwirkung des D-Vitamins auf die Auf- 
nahmc von anorganischem Phosphor ins Knochengewebe beleuch- 
tenden Versuche wurden in meiner Arbeit nicht veranstaltet. Die 
von v. Kbaemer und Landtman (1940) ausgefiihrten Versuche deu- 
ten jedoch darauf hin, dass das D-Vitamin auf die Unfahigkeit des 
Knochengewebes diese Phosphorverbindung in vitro aufzunehmen 
keinen Einfluss ausiiben zu konnen scheint.' 

Bei der Priifung der bei D-Avitaminose erzielten Versuchsresultate 
ist das mangelhafte Vermogen der Rattenknochen Calcium aufzu- 
nehnien besonders auffallend. Dieser Effekt steht also im direkten 
Gegensatz zu den Ergebnissen der bei D-Hypervitaminose ausge- 
fiihrten Versuche. Bei der Beurteilung dieser Wahrnehmung muss, 
beachtet werden, dass auch die Praparate der Kontrollserie, in 
welchen die Versuchstiere 50 I. E. D-Vitamin taglich ausser der 
Diat Me CoLLUMs erhielten, eine gleiche, wenn auch nicht ebenso 
durchgangige Unfahigkeit Calcium aufzunehmen aufwiesen. Dass 
diese Vitaminmenge aber geniigend gross war um Rachitiser- 
scheinungen vorzubeugen, zeigte die Beobachtung, dass die Kon- 
trolltiere weder klinische noch rontgenologische Anzeichen dieser 
Krankheit aufzuweisen batten. Die mangelhafte Aufnahme von 
Calcium bei diesen Versuchen durfte wahrscheinlich darauf zufiick- 
gefiihrt werden, dass, ausser dem Mangel an Vitamin D, die Zusam- 
mensetzung der Diat Storungea im Calciummetabolismus ' des 
Knochengewebes herbeifiihren konne. Man kann sicli auch vor- 
stellen, dass das D-Vitamin allein die normale Fahigkeit des 
Knochens, Calcium wahrend der in vielen Fallen langen Diatzeit 
aufzunehmen, vollig aufrecht zu erhalten nicht im Stande gewesen 
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ist. Das Sachverhaltnis scheint jedoch in den Parallelserieh bei 
Rachitis, in welchen die Knochen typische Symptome dieser 
Krankheit aufweisen, teihveise anders zu sein. In diesem Falle 
liegen wahrscheinlich die von dem Mangel an Vitamin D hervor- 
gerufenen rachitischen Knochenveranderungen der gestorten Auf- 
nahme von Calcium als Hauptanlass zu Grunde. 

Welcher Mechanismus durfte denn als Ursache der Unfahig- 
keit der Knochenpraparate- Calcium in diesen Versuchen aufzu- 
nehmen angesehen werden konnen? Gewisse Tatsachen sprechen 
fiir das Vorhandensein verschiedener lokalen ))Hemmungsmomente»- 
als Ursache der rachitischen Knochenveranderungen. Man ist 
z. B., ziemlich allgemein der Meinung, dass Rachitis von einem 
verlangsamten Stoffwechsel und einer unvollstandigen Oxydation 
der Zersetzungsprodukte, was einen wenn auch kompensierten 
acidotischen Zustand zur Folge hat, gekennzeichnet wird, 
(Pritchakd 1922, Rabl 1923, Freudenberg und Welcker 1926,. 
Gyorgy 1928 u.a.). Die Wahrnehmung von Freudenberg und 
Gyorgy (1921), dass gewisse saure Zersetzungsprodukte, hauptsach- 
lich die von Eiweisstoffen, stark diemmend auf die Adsorption von 
Calcium im Knochengewebe in vitro wirken, durfte als Stiitze- 
fur die Annahme dienen, dass diese )>Ketos bereitschafts in der 
mangelhaften Aufnahme von Calcium ins Knochengewebe bei 
Rachitis einen Anteil habe. Von solchen Stoffen kamen u.a. Amino- 
sauren, Peptide und Ammoniumsalze in die Rede. Da gemass 
diesen Forschern die primare Anreicherung des Knochengewebes 
mit Calcium eine Voraussetzung fur die weitere Mineralisierung des 
Skeletts ausmacht, Avare dadurch schon die erste Phase der Ossi- 
fikation gestort worden sein. Wenn von Substanzen, die eine hem- 
mende Wirkung auf die Knochenbildung ausiiben konnen, die Rede 
ist, durfte noch ersvahnt w'erden, dass Robison, Me Leod und 
Rosenheim (1930) im Anschluss an ihre in vitro Versuche gezeigt 
haben, dass 4 mg % Magnesium in der Inkubationslosung die Calci- 
fikation von Epiphysenknorpel inhibierten. Da rachitische Knochen 
bekanntlich einen erhohten Magnesiumgehalt aufweisen, durfte 
dieses als ein Teilfaktor beim Entstehen von Skelettveriinderungen 
bei dieser Krankheit angesehen werden konnen. 

Andererseits muss auch mit in Rechnung gezogen w'erden, 
dass die mangelhafte Aufnahme von Calcium ins Knochen- 
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gewebe bei Rachitis seinen Anlass aucli in irgendeiner Form 
von Hypofunktion in der Wirksamkeit der unter normalen 
Yerhaltnissen den Ossifikationsprozess im Knochengewebe stimu- 
iierenden Faktoren finden konnte. Pfaundler/ der als erster diese 
Annahme mehr eingehend ausgesprochen hat, giebt derselbenden 
folgenden Ausdruck: », . .Es ist vorstellbar, dass es sich urn eine 
funktionelle Storung im Leben jener Zellen handelt, von denen aus 
ein aktives Prinzip auf die umliegenden Gewebsmassen umge- 
staltend einvarken soil.)) 

Bei der Besprechung dieses Problems kann ervvahnt werden, 
dass einige schwedische Forscher in der allerletzten Zeit geltend 
gemacht haben, dass die formale Genese der Rachitis hinsichtlich 
der Skelettveranderungen darin bestehen wiirde, dass die Zellen- 
teilung und Differenzierung mit abnormer Langsamkeit vor sich 
gehen sollte (Freudenthal 1939, Wilton 1939, Haggqvist, Wil- 
ton und Orell 1944). Somit konnte Wilton in seinen Versuchen 
mit Dentingewebe nachweisen, dass die Demineralisierung bei 
Rachitis anfanglich die Wurzelzellen betrifft, was seine Erklarung in 
deren niedrigem Differenzierungsstadium finden diirfte. Als ein 
Beispiel dafiir, dass eine Art von Hypofunktion im rachitischen 
Knochengewebe zu bestehen scheint, kann des weiteren hervor- 
gehoben werden, dass Nicolaysen und Nordbo (1943) bei ihren 
Versuchen, in denen sie die Citronensaure in rachitischem Knochen- 
gewebe bestimmten, eine auffallende Abnahme von diesem Stoffe 
im Vergleich mit normalen Yerhaltnissen beobachtet haben. Es 
durfte jedoch schwer fallen zu entscheiden, ob diese Abnahme im 
Hervorrufen der rachitischen Knochenveranderungen einen Anteil 
haben wiirde. 

Es scheint nicht moglich zu sein vollstandige Klarheit daruber 
zu gewinnen, welche I'aktoren der Storung in der Calciumaufnahme 
ins Knochengewebe bei Rachitis zu grunde.liegen. Es ist jedoch 
nicht ausgeschlossen, dass diese Storung auch auf eine herabge- 
setzte Tatigkeit der spezifischen im Knochengewebe vorfindlichen 
sosteogenetischen Prinzipien)> zuriickgefuhrt werden konnte. Viel- 
leicht ward die weitere Forschung auf diesem Gebiete ein klareres 
Licht auf dieses Problem werfen. 

Meine entsprechende Versuche mit Kaninchenknochen zeigten, 
dass eine direkte Unfahigkeit Calcium aufzunehmen bei Rachitis 
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nicht vorzuliegen brauche. Audi in diesem Fallemaditesidi jedoch 
in der Kontrollserie bei der Zufuhrung von kleinen Mengen D-Vita- 
mins ausser der radiitogenen Diat ein Bestreben zur starkcren 
Adsorption fiihlbar. 

Dass auch rachitische Rattenknodien unter gewissen Bedin- 
gungen Caldum in vitro aufnehmen zu konnen sdieinen, vird von 
den Versudien Shipley und Robisons, bei denen ausschliesslich 
racbitisches Knochenmaterial zur Anwcndung kam, dargelegt, 
Avobei jedoch das Amvesen von Phosphat in der Inkubationslosung 
eine Voraussetzung dieser Aufnahme war. Diese Beobachtungen 
stehen jedoch in keinem Widerspruch dazu, dass diese Calcifika- 
tion im Verhaltnis zur Aufnahme von Calcium und Phosphor in 
normale Knochen schwiicher sein kann. Sic schliessen auch nicht 
die Moglichkeit aus, dass beim Anwesen von nur Calcium in der 
GrundlOsung die primare Aufnahme von diesem Stoffe im Knochen- 
Gewebe bei Rachitis mangelhaft sein kann. 

Die Beobachtung, dass nicht nur die Adsorption, sondern auch 
die Fixierung von Calcium imKnochengewebe bei D-Avitaminose ge- 
schwacht war, kann als ein weiteres Zeichen des engen Verhiilt- 
nisses, das zwischen diesen beidenVorgiingen zu herrschen scheint, 
dienen. Die Annahme diirfte deshalb nahe liegen, dass die mangel- 
hafte Mineralisierung des Skeletts bei Rachitis zum Teil ein Ergebnis 
des Zusammenwirkens dieser beiden Storungen des Calciumsloff- 
wechsels sei. Man konnte sich vielleicht vorstellen, dass dasselbe 
Ursachsmoment diesem Doppeleffekt zu grunde liegt. Eine Stiitze 
findet diese Annahme in einer Beobachtung von Ullrich (1929), 
dass gleichartige Zersetzungsprodukte, die gemass den Yersuchen 
von Freudenberg und Gyorgy eine hemmende Wirkung auf die 
Aufnahme von Calcium ins Knochengewebe ausiibten, in vitro auch 
eine erhohte Mobilisierung von Calcium aus der Knochensubstanz 
verursachten. Andererseits kann man auch nicht die Moglichkeit 
verneinen, dass auch ausser einem solchen Mechanismus ein Mangel 
an den die Fixierung von Calcium sUmulicrenden Faktoren zu einer 
erhohten Auswanderung dieses Stoffes aus den Praparaten der 
Rachitisversuche fuhren konnte. 

Hinsichtlich der Aufnahme von organischem Phosphor ins 
Knochengewebe bei D-Avitaminose konnte keine offenbare Abwei- 
chung von den normalen Yerhaltnissen verspiirt werden. ImLichte 
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der harmonierenden Ergebnisse der Versuche bei D-Hypervitaminose 
kommt es somit vor, als ob das D-Vitamin — im Ramen dieser in 
vitrO'Expcrimcntc — r" kainsn primaran Einfluss auf dan Phosphor- 
Metabolismus im Knocliengawaba ausuban ^vu^de. Es ist jadoch 
wahTScheinlicli, dass man in Anbatraclit das recht garingen Matarials 
und insbasondere im Kanntnis dar verlialtnismassig grossan 
Sclnvankungan’ denen die Aufnahma von Phosphor in den friiheren 
Versuchen unterworfen war, keine endgiiltige Sclilussfolgerung 
hieraus ziehen dvirfte. Stellt man jadoch, wie in der obigen Erorte- 
rung angenommen, die isolierte Aufnahma von organischem Phos- 
phor in den Knochenpraparaten in einen Zusammenhang mit der 
Phosphatas Anrksamkeit in denselben, so deuten die Versuche darauf 
hin, dass auch der Mangel an Vitamin D, wenigstens in keinem 
nennenswerten Masse, die Fahigkeit dieser Enzymen Phosphor 
primar zu. adsorbieren nicht beeinflussen wiirde. 

Auf welche Weise muss also die ausgebliebene Mineralisierung 
des Knochengewebes bei Rachitis, was den Phosphor betrifft, 
ihreErklarung finden? Da wie bekannt die Phosphatas menge im 
Knochengewebe bei Rachitis meistens erhoht ist, taucht ein be- 
rechtigter Zweifel auf, ob diesen Enzymen eine fuhrende Rolle 
eines die Aufnahme von Phosphor in die Knochen befordernden 
»lokalen Momentes» zugeschrieben werden kann. Dieser Gegensatz 
wird durch eine ziemlich allgemeine Annahme erklart, nach welcher 
das rachitische Milieu aus dem einen oder anderen Grunde die 
Phosphatasetatigkeit hemmend beeinflussen sollte. Der niedrige 
anorganische Blutphosphor bei Rachitis ist als ein Ausdruck dafiir, 
dass die hydrolysierende Wirkung der Phosphatase gestort ist, 
angefiihrt worden. Da, wie von Robison dargelegt, das Wirksam- 
keitsoptimum der Knochenphosphatase im allialischem Gebiete 
liegt, diirfte vielleicht die Gewebsacidose bei Rachitis einegewisse 
Rolle eines den Phosphatas mechanismus hemmenden Faktors 
spielen. 

Andererseits scheint auch die Hypothese annehmbar zu sein, 
dass die bei Rachitis im Knochengewebe verminderte Phosphor- 
menge auf irgendeine Weise die Folge einer mangelhaften Aufnahme 
von Calcium sein konne. Diese Annahme erscheint imLichte der 
Untersuchungen von Freudenberg und Gyorgy als besonders 
berechtigt, da diese Forscher, wie oben erwahnt, die primare Auf- 

S 
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riahme von Calcium ins Knocliengewebe als einen Determinant ftir 
die Aufnahme von Phosphor und die weitcre Ossifikation ansehen. 
Wird, gemass diesen Forschcrn, die einleitende Phase dcs Ver- 
knocherungsprozesses gestort, so soil alsdann die Anwcsenheit 
von Phosphor zu keiner Fallung von Knochensalzen fuhren. 

Gelegentlich der Abhangigkeit dcs Phosphors von dem Vorhan- 
densein von Calcium im Knochcngewebe, verdient cine neulich 
von Monetti (1942) gemachtc Beobachtung erwiilint zu verdcn, 
nach welcher die Pyrophosphorsiiurefraktion im rachilischen 
Knochcngewebe im Gegensatz zum organischen und lotalsaure- 
loslichen Phosphor erhdht sein ware. Im Lichlc tics obcnerwahn- 
ten Erweises von Bailey und Needham, dass die Spaltung von 
Pyrophosphat die Anwesenheit von Calcium vorausselzt, diirftc 
dieser erhohte Pyrophosphatgehalt vielleicht in irgend cinem 
Zusammenhange mit der im rachitischen Knochcngewebe vermin- 
derten Calciummenge stehen. 

Was die Retention von Phosphor im Knochcngewebe bci Rachi- 
tis betrifft, so sind meine Versuchsergebnisse etwas widersprechend. 
Wahrend bei den Versuchen mit Kaninchenknochen eine Neigung 
zur erhohten Abgabe von Phosphor in der Rachitisscrie verspflrt 
werden konnte, war irgend ein entsprechender Effckt bei den 
gleichen Versuchen mit Rattenknochen nicht zu beobachlen. Einc 
direkte Stellungsnahme dieser Seite des Phosphormetabolismus 
im Knochengewebe bei Rachitis gegcnuber durfte deshalb wohl 
kaum in die Rede kommen konnen. 
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anorganischcv Phosphor in dcr Form von sekundiirctn Natrium- 
Phosphat als Suhsirai angcwandl. Es envies sich jedoch, dnssdic 
Knochen Phosphor in dicser Form aufzunchmcn nicht faijig warcn. 
Bei diesen Versuchcn cnthiellcn die Inkubationsldsimgcn his auf 
50 mg % anorganischcn Phosphors. 

Lag dagcgcn der Phosphor in dcr Form von organischcm PhoS:- 
phat vor — bei dicscn Vcrsitclicn kam Xa-Glyccrophosphat zur 
Amvendung — so fand cine offcni)arc Aufnahme dieses Stoffes 
in die Praparalc slali. Bei cincr anfanglichen organisehen Phos- 
phorkonzeniration von 18 mg % in dcr Inkubationsldsung konnle 
bei Versuchcn mit jMcerscInveinchenknochcn cine Aufnalunc von 
bis ehva 20 % der gcsamlen iniliaien siiurelosliclicn Phospliorfrak- 
tion beobachlet -werden. 

Die Vcrsuche zeigen, dass Calcium nnd Phosphor im Knochen- 
Gewebe nicIiL slabil fixierL zu scin scheinen. Warden iJarTijich die 
Knochenpraparalc in calcium- und phosphorfreien GriindlOsungen 
inkubiert, so crfolgtc cine dcuUich nachwcisbarc Auswanderung 
dieser Stoffc aus den Knochen. 

Von den vcrschicdcncn Tcilcn cines nnd dcssclbcn Knochens 
adsorbiertc dcr Epiphyscnknorpel bcdculcnd mchr Calcium und 
Phosphor als die Knochendiaphyse, .\usscrdem wirden in dern 
ersteren einc grosserc Fahigkcit diese Sloffc zu fixicren als in der 
lelztercn beobachlet. 

Ein Zusatz von Formaldchyd (3.5 %) zu der Inkubalionslosung 
•iibte eine lahmendc Wirkung auf die Aufnahme von Calcium und 
Phosphor in die Praparalc aus. In diesem Falle Nvurde keine Ad.'^rp- 
tion, sondern cher cine Abgabc dicser Sloffc aus den Praparaten 
nachgewiesen. Ausserdem verminderte dcr Formaldchyd auch die 
Fahigkcit des Knochens Calcium und Phosphor in einerBasallusung 
zu fixicren, -svelche Wirkung sich dadurch iuisscrte, dass diese Sloffc 
beim Vorhandensein des genannten Agens aus den Knochen starker 
als unter normalen Verhaltnissen »lccklen». 

Der Zusalz von Toluol (2 %) in cine Pliosphor enlhallendc 
Inkubalionslosung schwachle die Aufnahme dieses Sloffes in die 
Praparalc. Die Wirkung war jedoch nicht ebenso priignanl wic 
im vorherigen Falle. 

B. 1. D-Hypcrviiaminosc. Nach Zufilhrung von Vigantol 

12000—36000 I. E. Vitamin D pro die — an die Versuchstiore, 
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x\aesen die Knochen ein deutlich erhohtes Vermogen Calcium zxl 
adsorbieren auf. Die Knochenpraparate solcher Tiere nahmen 
durchschnittlich etwa 2 — 3 Mai mehr Calcium auf als die Knochen 
der Kontrollserien, in xvelchen den Versuchstieren entsprechende 
Volunimengen reines Sesamols verabreicht wurden. 

Neben dieser Wirlcimg xvurde in den Knochen eihe schwache 
Neigung Calcium bei D-Hj^ervitaminose starker zu fixieren ver- 
spiirt. 

Hinsichtlich der isolierten Aufnahme von Phosphor konnte 
irgend eine offenbare Wirkung des D-Vitamins nicht verspiirt 
verden. Eine Neigung zur starkeren Adsorption von Phosphor bei 
D-Hypervitaminose machte sich dagegen spiirbar wenn auch 
Calcium in der Inkubationslosung vorhanden war, 

Auch auf die Fixieruhg von Phosphor in Knochen schien das 
D-Vitamin keine nennenswerte Wirkung auszuiiben. 

Die Zufiihrung von Vitamin D erhohte die Calciummenge im 
Serum, sovie auch die gesamte saurelosliche- und die anorganische 
Phosphorfraktion im Vollblut. 

2. D-AvUaminose. Bei der Inkubation von ausschhesslich mit 
der rachitogenen Kost Me Collujis ohne Zusatz von Vitamin D 
aufgezogenen Ratten entstammendem Knochenmaterial erwies sich 
die Fahigkeit der Praparate Calcium aufzunelunen als stark ver- 
mindert. Anstatt einer Aufnahme fand in diesem Falle eine Abgabe 
von Calcium aus den Praparaten statt. Auch in den Kontrollver- 
suchen, in denen die Ratten ausser dieser Kost 50 I. E. D-Vitamins 
taglich erhielten, wurde eine ahnliche, Avenn auch nicht ebenso 
durchgehende Storung in der Calciumadsorption verspiirt. 

Bei den entsprechenden Versuchen mit Kanmchenknochen 
■vvairde sowohl in der Kontroll- vde in der Rachitisserie der 
meisten Versuche eine Adsorption von Calcium wahrgenommen. 
Diese war jedoch im Durchschnitt starker in der Kontrollserie bei 
der Zufiihrung von Vitamin D (300 1. E. taglich). 

Was die Fixierung von Calcium betrifft, so ervdes sich dieselbe 
hei Versuchen mit Rattenknochen als etwas schwacher in deu 
Rachitisserien denn bei den Kontrollversuchen. 

Ebenso wie es bei der D-Hypervitaminose der Fall war, 
scheint auch anliisslich der Aufnahme von Phosphor in rachitische 
Rattenknochen kein schlussgultiger Urteil gefallt werden zu 
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konneii. Auch halte die entsprcchcndc Fixierung von Phosphor 
keine nennenswertcn Unlcrscliicdc in den Kontroll- und I^a- 
chitisserien aufzuweisen. Bei Vcrsuchcn init Kayinchcnknochcn 
machle sich dagegen bei den Priiparalcn der Racliilisscrie cine 
Neigung spiirbar dieseii Stoff ehvas schwiiclier als in der Kon- 
trollserie fixiercn zu kdnncn. 
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